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THEBMAL  CESIGN  OF  BOlLEfi  QNllS. 


(Standard  aethod) . 
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Page  2. 

The  standard  nethcd  or  the  tharaal  desigc  cf  bciler 
aggregates/units  is  ccipriscd  together  by  All-Dnion  to  heat 
engineering  and  central  toiler  and  turbine  ones  ty  institutes  and  is 
predicated  by  the  technical  reviau  boards  of  RTH,  RES  and  MSES  as 
obligatory  for  enterprises  in  these  einistries.  the  presentation  of 
calculation  procedure,  ic  the  hook  are  placed  the  calculated 
standards  and  the  nonograas,  uhich  perait  for  experiaental 
calculators  to  perfora  calculation,  without  turning  to  the  basic 
text. 


In  appendices  to  the  calculation  aethod  are  given  the  tables  of 
enthalpy  and  of  specific  vcluaes  cf  water  and  water  vapor, 
calculation  of  steaa  ccclers,  dcteraination  of  the  calculated 
teaperature  of  the  aetal  of  the  wall  of  ducts,  short  indications 
according  to  the  design  cf  ccabusCion  systeas  and  heating  surfaces 
and  exeaplary/approxiaate  tneraal  design  of  bciler  aggregate/unit. 

The  book  is  intended  for  the  oesigners  acd  builders  of  bciler 
aggregates/units,  and  also  for  the  engineers  cf  power  stations  and 
students  of  the  highest  tacbnical  educational  institutions. 
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PBEFACE 


The  nethod  of  the  thecaai  design  of  boilec  aggxegates/units  is 
comprised  together  VTI  and  isATi  and  is  predicated  by  the  technical 
review  boards  of  MTM,  EES  and  BSES  for  the  necessary  use/application 
during  the  design  of  steae  tellers  in  enterprises  in  these  ministries 
is  mutual  the  norms  of  tbe  ttaeoal  design  of  teller  aggregate/unit, 
released  by  TsKTI  (Haskeiz,  1945),  and  the  norms,  worked  out  by  VTI 
(Gosenergoizdat,  1952) . 

During  the  development,  of  final  recemmendations  are  taken  into 
consideration  the  cbsetvaticos  cf  special  beards  of  HTH  and  HES, 
which  critically  studied  propositions  of  VTI  and  TsKTI,  and  also  the 
observations  of  different  organizations  and  enterprises,  done  about 
the  project  of  the  method  ci  calculation  which  in  a  semewhat  reduced 
form  was  published  in  the  joccnal  '^hermal-pcwer  engineering"  in 
1954-1955. 

The  worked  out  materials  ccnsist  of  text  with  the  detailed 
presentation  of  the  procedure  of  calculation,  calculated  standards 
and  nomograms.  In  the  calculated  standards  (BN)  it  is  repeated 
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briefly,  without  the  e xflaoatiofls,  calculatico  procedure  is  given  the 
necessary  reference  cateriai,  which  allows  after  detailed 
faeiliarization  with  the  calculation  aetbod  tc  perfora  calculation, 
without  turning  to  the  lasic  text. 

In  appendices  tc  the  calculation  eethcd  they  are  given: 

I.  conditional  deslgnaticns. 

II.  Table  of  enthalpy  and  specific  volutes  of  water  and  water 
vapor. 


III.  Calculation  cf  steaa  ccclers. 

IV.  Oeterninaticn  ct  the  calculated  teaperature  of  the  retal  of 
the  wall  cf  ducts. 

V.  Short  indications  i.a  accordance  with  the  design  of  ccabusticn 
systess  and  heating  surfaces. 

VI.  Exeeplary/apprcxiaate  thersal  design  of  boiler 
aggregate/unit. 


The  sethod  of  the  tharaal  design  of  boiler  agg regates/units  is 
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compcised  to  a  consideratla  extant  on  basis  cf  Soviet  investigations, 
primarily  by  VTI  and  TsKll,  and  it  totals  the  results  o£  the  basic 
scientific  research  tiock  or  institutes  in  the  field  of  study  cf  the 
uorking  processes  of  steam  boilers  and  isprcvement  of  the  calculation 
methods. 

Material  chapter  2  "Fuel/prcpallant "  is  based  on  the  results  of 
the  long-term  investigations  of  tne  good-guality  characteristics  of 
Soviet  fuels/propellants,  carried  out  in  basic  vil  under  the 
direction  of  &.  I.  Kcrelin  [deceased]. 

The  results  of  the  prolonged  investigations  of  the  physical 
characteristics  of  gases,  water  and  water  vapcz,  carried  out  in  VTI 
under  the  managenent/manual  ci  C.  L.  Timrot  and  N.  B.  Vargaftik,  are 
placad  into  the  basis  chapter  3  the  "physical  characteristics,  used 
in  the  thermal  design  cf  teller  aggregates/ucits"  and  appendices  of 
the  II  "'(able  of  enthalpy  and  specific  veluaes  cf  water  and  water 
vapor". 


In  chapter  4  "Volumes  and  enthalpy  cf  air  and  combustion 
products",  and  also  in  chapter  5  the  "Heat  balance  of  boiler 
aggregate/unit"  are  used  the  materials  of  the  old  norms  of  the 
thermal  design  of  HTM  (werred  out  by  TsKTl)  and  fl£S  (worked  cut  by 
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Haterlal  chapter  €  the  "daiculation  o£  facat  exchange  in  the 
heating”  is  constructed  cn  the  aethod  of  calculation  c£  heat  exchange 
in  the  furnace  chaaber/caaera,  bccxed  out  ic  IsKTl  under  A.  M. 
Gurvich's  aanageaent/aanual  with  P.  N.  Kendys's  collabcration.  In 
connection  with  the  preparation  c£  standard  aethcd  calculaticn 
foraulas  and  coefficietts  ace  additionally  refined  uith  the  use  of 
new  experiaental  data  c£  vil,  TsKTl  and  CSRI  ia.  Krylov  on  the  heat 
exchange  in  the  heatings^  and  also  taking  intc  account  the  results  of 
the  research  works  in  this  regies,  carried  cut  ty  N.  V.  Kuz* tin,  n. 
n.  Rubin,  Ya.  P.  storozhek  and  v.  o.  Terent'yev. 

Here  used  also  the  results  cf  theoretical  developments  c£  VTI 
(V.  M.  Timofeyev)  regarding  the  angular  coefficients  and  emissivity 
factor  of  furnace  radiation/emissicn. 

Chapter  7  totals  the  cesulrs  cf  the  large  complex  of  the  Soviet 
investigations  of  the  physical  processes,  which  occur  in  the 
convective  heating  surfaces.  Ine  methodology  cf  the  calculation  of 
the  convective  heat  exchange  in  the  transversely  streamlined  bundles 
of  ducts  and  heat  exchaege  in  the  finned  eccccmizers  and  the  air 
preheaters  is  based  on  carried  cut  under  R.  V.  Kuznetsov's 
manaqenent/aanual  in  Vll  investigations,  in  which  participated  I.  8. 
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Varavitsikiy,  E.  S.  Kaiasin,  V.  A.  Lokshin,  A.  Z.  Shcherbakov  et  al. 
The  general/coanon/tctal  ^cccedure  of  calculaticn  of  heat  exchange  in 
the  bundles  of  finned  tubes  is  based  on  the  vcrk  of  VTI,  carried  out 
by  E.  S.  Karasina.  For  the  derivation  of  calculation  foraulas  are 
used  also  the  results  ct  these  carried  out  in  TsKTI  by  V.  8. 
Antufshchev  and  by  G.  S.  Beietskry  the  investigations  of  heat 
exchange  in  the  banks  cf  saooth,  finned  and  fin  tubes. 

The  calculation  of  hear  axchange  during  the  flew  in  the  ducts 
and  the  longitudinal  flew  around  tne  banks  cf  tubes,  in  slot  channels 
and  the  channels  of  the  packing  of  regenerative  air  preheaters  is 
based  on  the  works,  carried  out  an  TsKTI  under  the  direction  of  L.  I. 
II' in  [deceased].  In  this  sectxcn  cf  standard  nethod  are  used  the 
data  of  0.  N.  Ioffe  (nviC)  about  the  heat  exchange  in  the 
regenerative  air  preheaters. 

Page  4. 

The  calculation  of  tne  radaataon/enissicn  cf  ccabusticn  products 
is  constructed  on  the  results  cf  the  new  ccipcund  processing  of 
experiaental  data  on  the  radiatlon/emission  of  triatoaic  gases  and 
laboratory  findings  of  the  exitting  properties  cf  ash  dust.  These 
works  are  carried  cut  Ic  IsKTI  by  A.  G.  Elckh,  V.  v.  aitor  and  A.  I. 
Nosovitskiy  under  A.  H.  Gurvicb's  xanagesent/ianual . 
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The  procedure  of  calcuiaticn  of  the  contaoinat ion  factors  of 
tube  banks  is  based  on  the  laociatory  investigations,  carried  cut  in 
VTI  by  K.  V.  Kuznetscv  and  A.  Z.  Sncherbakcv,  and  uses  results, 
previously  obtained  by  d.  0.  Pacasenkc  during  processing  of  given 
coenercial  tests  of  steal  tellers.  Corrections  tc  the  labcratcry 
values  of  contanlnaticc  tacter  are  established/installed  during 
studying  of  standard  caiculaticc  ty  E.  S.  Karasina  (VTI),  s.  I. 
nochan  and  0.  s.  Revzina  (IsKIl). 

The  procedure  of  calculation  cf  the  teiperature  heads  is  worked 
out  in  TsKTI  by  S.  I.  nccnan. 

For  the  deterainaticn  c£  the  excess  air  ratios,  furnace  losses, 
coefficients  in  the  forirlas  cf  the  calculation  of  heat  exchange  in 
the  heating  and  the  cocvective  heating  surfaces  are  used  the  results 
cf  coeaercial  tests  of  the  teller  aggregates/units,  carried  cut  in 
basic  TsKTl  and  VTI  (A.  E.  Bacacov,  I.  K.  Barshteyn,  n.  I.  Becaann 
[deceased],  S.  G.  Beskin,  G.  A.  Burgvits,  A.  n.  Gurvich,  A.  I. 
Dvoretskiy,  7.  N.  DeshKin,  1.  Te.  Oubovskiy,  N.  i.  Zhirnov,  F.  N. 
Kendys',  N.  L.  Kisel'gct,  A.  H.  Letedev,  A.  0.  Hoioz,  Ye.  V. 

Nechayev,  N.  N.  Bubin,  F.  G.  Sai'kcv,  S.  V.  Tatishchev  G.  A.  Sheynin, 
n.  n.  Shil'dkret  [deceased]  ec  al.},  and  also  at  KBR  LHZ  (Ye.  n. 
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Kazarnovskiy)  and  by  otbax  organizations. 

Besides  these  weeks,  during  toe  composition  o£  the  standard 
calculation  method  were  used  tii«  materials  c£  old  norms  of  HIM  and 
NES. 


In  the  preparation  cr  materials  for  the  individual  chapters  of 
the  standard  calculaticc  metoed  tock  part  K.  i.  Alekseyev  (Section 
"e”  chapter  7) ,  l.  K.  Earshteyn  (cnapter  5,  §E  chapter  4  and  appendix 
V)  ,  A.  G.  Bloch  (chapter  6,  Sectico  "c"  chapter  7),  I.  B.  Varavitskiy 
(§A  chapter  4,  chapter  appendix  I),  N.  B.  Vargaftik  (chapter  3), 

A.  (1.  Gurvich  (chapter  5  and  6,  Section  "c"  chapter  7  and  of 
appendices  V) ,  A.  I.  Dvcretsxiy  (data  on  the  petroleum  residue  for 
chapter  2  and  3)  ,  A.  A.  Zakharov  (appendix  IV)  ,  L.  N.  Il'in 
[deceased]  (Section  chapter  7),  E.  S.  Karasina  (chapter  6, 

Section  "b",  "d"  and  "e"  chapter  7  and  of  chapter  3),  P.  H.  xendys* 
(chapter  5  and  6  and  appendix  V) ,  A.  1.  Rcrelin  [deceased]  (chapter 
2),  N.  V.  Kuznetsov  (Section  "b",  "d"  and  "e "  chapter  7  and  of 
appendices  V),  A.  N.  Letedev  (chapter  5  and  applicaticn/appendix  V), 

S.  I.  Hochan  (§B  chapter  4,  secticn  ’’e"  and  §C  chapter  7,  chapter  8, 
appendix  III  and  17) ,  5.  P.  Havel'son  (chapter  5,  section  "e"  chapter 
7  and  of  appendices  V) ,  fl.  u.  Panasenko  (chapter  2,  section  "e" 
chapter  7),  o.  a.  Bevzin  (gh  cnapter  4,  Secticn  "e"  chapter  7  and  of 
appendix  III,  IV  and  VI),  h.  H.  Autin  (chapter  5),  A.  B.  Sternin 
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(chapter  6)  ,  s.  A.  Tagec  (fili  5-03  and  5-C4)  ,  S.  V.  Tatishchev 
(chapter  5  and  appendii  V),  G.  A.  Sheynin  (chapter  5  and  appendix  V) , 
A.  Z.  Shcherbalcov  (Section  **8"  chapter  7),  v.  A.  Shcherbalcov 
(appendix  V)  et  al. 

In  discussion  and  agreeaent  ct  basic  fundanental  guesticns  of 
the  standard  calculaticn  aethca  tock  active  part  I.  K.  Barshteyn,  P. 
N.  Kendys*  and  H.  D.  Panasenko. 

Leadership  of  entice  hock  exercised  A.  n.  Gucvich  and  v. 
Kuznetsov. 

Basic  part  of  the  text  (chapter  1,  3,  4,  5,  7  and  3  and  appendix 
III«  IV  and  VI)  vas  ccapiled  by  e.  S.  Karasina  and  S.  I.  nc^han; 
chapter  2  -  by  A.  I.  Kccelin  [deceased]  and  I.  A.  Zikeyav,  chapter  6 
-  by  A.  H.  Gurvichem,  A.  G.  Eioch  and  S.  I.  ncchan,  appendix  V  -  by 
I.  K.  Barshteyn,  E.  S.  Karasina,  B.  L.  Kisel’gof,  S.  I.  Hochan  and  G. 
A.  Sheynin. 

In  the  conposition  cf  calculated  standards  and  noaograas, 
besides  the  authors  of  text,  they  participated  C.  G.  Bevzin  and  Te. 


Ya.  Titov. 
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Pages  5-6. 


No  typing. 
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Page  7.  Chapter  One. 

GENEBAL  POSITIONS. 

1-01.  ’^heroal  design  c£  bciier  aggregates/units  (standard 
■ethod) "  contain  operating  instructions,  reference  naterials, 
calculation  fornulas  and  noBograis,  necessary  for  executing  verifying 
and  structural/design  (designed)  thernal  designs  of  stationary  boiler 
aggregates/units. 

The  aethodology  of  verifying  and  construction  calculaticns  is  in 
essence  of  gener al/cca vc c/tctal.  Difference  consists  for  the  purpose 
of  calculation  and  unkncen  values. 

1-02.  In  verifying  theraal  design  by  ccnstruction/design 
accepted  and  sizes/diaensions  cf  tciler  aggregate/unit  for  design 
load  of  its  and  prescriccd/assicned  form  of  f uel/prcpellant  deternine 
teaperatures  of  water,  vapor,  air  and  gases  on  boundaries/interfaces 
between  separate  heating  surfaces,  efficiency,  fuel  ccnsuapticn,  flew 
rate  and  air  speeds  anc  flue  gases. 

Verifying  calculation  is  produced  fer  evaluating  of 
efficiency/cost-effectiveness  acd  reliability  of  aggregate/unit. 
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deter aination  of  the  necessary  leccnstructive  aeasures,  selection  o£ 
auxiliary  equipment  and  chtaining  initial  data  for  conducting  the 
calculations  of  the  circulation  of  water,  teaperatures  of  aetal,  etc. 

1-03.  During  struct urai/design  (designed)  calculation  are 
determined  sizes/diaensicns  of  heating  and  surfaces  of  heating 
separate  eleaents/cells  cf  aggregate/unit,  necessary  for  obtaining  of 
rated  steam  capacity,  indices  of  economy  and  prescribed/assigned 
parameters  of  accepted  steam  (pressure  and  tenperature)  at  given 
temperature  of  feed  water  and  propellant  properties. 

The  rated  steam  capacity  is  called  the  highest  efficiency  which 
the  aggregate/unit  must  provide  with  the  observance  of  the 
prescribed/assigned  parameters  cf  steam  in  the  prolonged  operation. 

Into  the  task  of  calculaticn  enters  also  the  determination  of 
necessary  for  the  selection  cf  auxiliary  equipment  cf  the 
consumptions  cf  fuel,  air  and  floe  gases. 

During  the  calculation  must  oe  taken  intc  consideration  the 
guarant.ee  of  reliability  of  the  cperaticc  of  aggregate/unit 
(warning/prevention  cf  slagging  or  ash  fculinc  cf  surfaces, 
warning/prevention  of  intense  cinder  erosion  cf  ducts,  superheating 
and  corrosion  of  metal,  etc.),  it  recessary  or  the  basis  of  thermal 
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calculation  additionally  axe  ptoouced  the  calculaticns  of 
circulation,  teapexatuze  ox  letai,  speed  of  cinder  erosion. 

1-04.  Calculated  asei^naeot  for  verifying  theraal  design  of 
boiler  aggregate/unit  aust  contain  the  fcllcuing  inforaation  and 
initial  data: 

a)  drawings  of  boiler  aggxegate/unit  and  inforaation  about 
construction/design  and  eizee/diaecsicns  cf  ccabustion  systea, 
surfaces  of  heating  and  tlues,  suxticient  for  deteraining  of  all 
necessary  structural/design  characteristics; 

b)  propellant  property  in  accordance  with  lequireaents,  led  in 
chapter  2; 

c)  coefficient  of  evaporatacn  of  aggxegate/unit,  pressure  and 
teaperature  of  superheated  steaa  in  aain  output  catch  (and  liaits  of 
standard  deviations  with  respect  tc  conditicns  cf  work  of  turbines 
and  other  users  of  steaa),  teaperature  of  feed  water,  pressure  in 
toiler  barrel; 

d)  at  the  presence  cf  interaediate  steaa  superheater  -  flow  rate 
and  paraaeters  of  the  seccnoary  steaa  at  the  entrance  and  the 
output/yield; 
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e)  the  flow  rate  c£  the  satucated  steaa  (during  the  selection  c£ 
steam  from  the  boiler  kacxei); 

£)  the  value  of  the  continuous  blasting; 

g)  data  of  the  calcuiaticn  c£  the  system  of  the  pulverixed  coal 
preparation:  the  total  quantity  at  air  cloud,  quantity  of  primary  air 
and  flue  gas,  selected/taren  tc  drying,  quantity  of  sucked  air  in  the 
system  of  pulverized  coal  preparation. 

1-05.  During  structural/design  (designed)  thermal  design 
assignment  must  contain  iollcwirg  initial  data: 

a)  information  about  type  of  combustion  system  and  planned 
layout  of  aggregate/unit; 

paragraphs  "b"  -  "q"  -  the  same  as  in  assignment  for  verifying 
thermal  design. 

The  temperatures  of  stack  gases  and  hot  air  are  indicated  in  the 
assignment  or  they  are  selected  in  accordance  vith  the 
recooi sendations  of  appendix  by  the  V  and  specific  conditions  of 


DOC  »  80041101 


F&G£  16 


design. 

The  teaperatures  ct  gases  at  the  and  of  the  heating  and  in  the 
flues,  the  gas  velocity,  uanec  and  steam  and  enthalpy  cf  water  and 
steam  at  the  separate  iotereediate  points  of  the  steam-water  channel 
can  be  selected  in  acccraance  with  the  recommendations  of  appendix 
the  V  and  taking  into  acccuct  tte  specific  cctditions  design. 


I 
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Chapter  Two. 


FUEL 


2--A.  Solid  and  liquid  prcpellant. 

A)  Meat  of  coabustion. 

2-01.  Heat  of  coatusticn  (calorific  value)  of  solid  and  liquid 
propellant  is  accepted  accotdans  to  data  of  celcriaetric 
deter ninations.  Use  for  calculating  the  values  cf  heat  of  coabustion, 
calculated  in  coopositico  of  fuel/propellant  vith  the  help  of  the 
eapirical  fornulas  of  the  tjpe  cf  aendeleyev’s  fcrmula,  is  net 
recoil  aended. 

2-02.  Heat  of  ccabusticn  nighest  <?,  is  deterained  by  value  of 
heat  of  ccabusticn  in  calcriaetsr  corrected  taking  into  account 
acid-focaation  uith  coBtestaen: 


<?.  -  y,  -  2z.55j-  o.eoi«?,  k  c  a  1  /  k  g 


(2-01) 
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where  22.5  5,  -  heat  of  cxidaticn  cf  products  of  burned  down  in  bcnb 

sulfur  ^9  [0/0]  from  sCj  to  SO3  and  disscluticn  of  latter  In  water; 
0.0015  Qe  -  heat  of  foraaticn  cf  nitric  acid  in  bonb. 

2-03.  Heat  of  ccakusticn  fewest  9.  is  deterained  by  subtraction 
fron  heat  of  coabustion  cf  highest  q,  heat  cf  vaporization, 
conditionally  equal  to  6C0  Kcdi/xg  cf  water  adopted: 

9. -<J.-6(!r  +  9ff)  Iccal/kq.  (20-) 

2-04.  During  coabustion  in  calorimeter  cf  schists  and  other 
fuels/propellants,  which  contain  carbonates,  latter  in  majority  of 
cases  are  decoaposed/expanded  virtually  completely.  Therefore  heat  cf 
coabustion  during  the  caloriaetiic  measurement  is  deterained  talcing 
into  account  the  negative  theraai  effect  of  the 
decoaposition/expansicc  cf  carccnates  [-9.7  (CO2)  ]  kcal/ig. 

B.  Different  aasses  of  f uel/propellant  and  recalculation  of 
characteristics  from  one  aass  tc  another. 

2-05.  Propellant  properties  can  ce  related: 

to  working  aass  of  fuel/pr cpellant  (designated  by  index  p) , 
i.e.,  to  f uel/propellant  in  that  term,  in  which  it  enters  for 
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consuaption  (into  boiler  cooa,  dust-plant,  etc.)  ; 

to  analytical  nass  (andex  a),  i.e.,  to  fuel/prcpellant  in  that 
fora,  in  uhich  it  in  latcratocy  it  enters  fee  separate  analytical 
deter ainations,  crushed  ena  draed  slightly; 

to  dry  nass  (index  cj ,  i.e.,  to  fuel/prcpellant,  which  does  not 
contain  moisture  (U=0)  ; 

to  the  coabustible  lass  (index  »  i.e.,  tc  the  sun  of  the 
eleaents/cells,  which  cciposa  the  crganic  mass  cf  f uel/propellant, 
and  pyritic  sulfur. 

For  all  fuels/propeliants,  except  the  containing  a  large 
guantity  carbonates,  fer  the  coscustible  mass  conditionally  they 
accept  (100-w-A) ,  where  lOu  -  werking  or  analytical  nass  of 
fuel/propellant,  o/o. 

For  the  f uels/propellaots  witn  the  high  content  of  the 
carbonates  (it  is  more  than  5o/c)  tor  the  ccabustible  nass  it  is 
accepted 

(ioo-r-^.„,-(CO,u 

where  (COj).  -  content  of  cartcnic  acid  of  cartenates,  c/c;  '’.c,  -  ash 
content  without  taking  into  account  sulfates,  which  were  being  formed 
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during  the  decon positicD/ex{:aosi.ca  of  carbonates,  and  with  the 
correction  for  the  ccnkustion  of  sulfur  cf  pyrite,  c/o: 

+  0.375  Sjl(l--^)%.  (2-03) 

where  5^  -  content  of  sulfur  in  the  laboratory  ash  (in  the 
percentages  to  the  aass  cf  fuel/ propellant)  ;  -  content  of  sulfate 

sulfur  in  the  f uel/propeliant ;  s,  -  content  cf  pyritic  sulfur  in  ths 
fuel/ propellant. 

In  the  absence  of  the  laforatcry  data  afcot  the  content  cf 
sulfates  value  l2.s(s, 0,3756^1  they  take  as  egcal  for  Estonian  and 
Gdcvsk  schists  -2.0,  Kasbipsk  -i.fc,  Savel'yev  -3.1  and  Ozinsk 
-2. 4o/o. 

This  conditional  caicuiaticn  is  explained  by  the  fact  that 
during  the  fuel  conbusticn  witn  the  high  content  of  carbonates  the 
latter  (in  essence  of  CaC02,  and  also  MgCO^  ard  FeCOj)  are 
decoaposed/expanded  intc  oxide  cf  oetal  and  CC2.  Separated  carbonic 
acid  is  resoved  together  witn  toe  coabustion  prcducts  cf  the  organic 
aass  of  fuel/propellant,  whereas  oxide  cf  netal  reaains  in  the  ash 
and  due  to  the  partial  ccnnecticn  cf  sulfur  oxides  forms  sulfates. 

Of  the  deterainaticns  of  each  aass  cf  fuel/propellant  fellow  the 
cbvious  relationships/ratios: 

C  -f-  H'  +  N'  -I-  o' -t-  5;  -I- 
+  %  + 

c  -f  H“  -f-  .N'  4-  o"  -I-  y; 

SJ,  -)-  ,1"  r*  -  lOO*/,: 

C'  II'  H-  N'  4-0'  -t-  SJ  4-  S',  4-  .1'  -  IOC/.; 

C'  -t-  H'  4-  N'  4-  O'  4-  5;  4-  S'  -  IOC/,. 
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Ths  recalculation  ci  the  propallant  ccBpcsition,  output/yield  cf 
volatile  coaponents  and  fcaat  ct  ccsbusticns  (in  the  bosh  and  the 
highest)  is  produced  with  the  help  of  the  factors,  given  in  Table 
2-1. 


2-06.  Secalculdticn  of  eieaentary  ccapcsition  to  heat  of 

coabustions  (in  boab  and  highest)  cf  working  aass  with  huiidity  '‘'f 

to  aass  with  humidity  irj  is  produced  by  aetbcd  cf  lultiplication  on 
'  100  <— 

.  and  with  ash  ccotent  to  ash  content  if  (when  ir'-const)  -  by 
•ultiplication  on  . 

100 -/If 

Page  9. 

For  the  schists  the  recalculation  of  data  cf  coaposition  (C,  H, 
N,  0,  s,.  s„i  and  heat  cf  ccacustacn  (in  the  bob  and  the  highest)  froa 
the  working  aass  to  the  fuel  is  produced  with  the  help  of  the  factor 

_ lOO _ 

"M -W'- (CO,)'- 

The  recalculation  cf  data  cf  coaposition  and  heat  of  combustion 


(in  the  boab  and  the  highest)  froa  the  working  aass,  which  is 
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characterized  by  ash  ccnteat  -if  and  content  cf  carbonic  acid  cf 
carbonates  (COi)!,.  to  the  hcrking  nass  with  -if  and  (CO;);,  is  produced  with 

the  help  of  the  factor 

100- -<CO?)f. 

'oo--i;„„-(co,);,  • 

2-07.  Calculation  ct  lowest  beat  of  coibusticn  of 
fuel/propellant  Q.  is  produced  according  to  fcrnulas: 

of  -  Qi’  —  6  (IT'  +  9H')  KKatlKtifi  (2-04) 

q;  —  (J‘  —  54  H‘  KKaAlKZ^  (2-05) 

^  _  Q' _  54  H' (2-06) 

.  .\00-V'-A*  (j), 

Qi-Q. - ioo - sTf-KariiKi. 

(2-OT) 

Key:  (1).  kcal/lcg. 

The  recalculation  cf  the  lowest  heat  of  coabusticn  of  the 
working  nass  of  f uel/prc pellant  with  humidity  °^r  to  the  mass  with 
humidity  wf  is  producecj  accordicg  to  the  fcrtula 

,  100  —  irr 

-  WCi  +  6®T ) -  oarf  Kcal/kg.  (2-08) 

By  a  change  in  the  ash  ccotent  cf  working  mass  recalculation  Qf  is 
produced  according  to  p.  ^-C6. 

C)  the  classification  cf  carbcn/ccals. 


2-08.  Coal  it  is  accepted  to  divide  into  three  basic  types: 
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brown,  stoneware  and  arthcacite.  There  are  no  precise 
boundarles/interfaces  between  then;  division  itself  into  three  types 
is  conditional,  and  between  then  there  ate  transient  carbcn/ccals. 

2-09.  Brown  coal  (brand  t)  include  noncaking  coal  with  high 
output/yield  of  volatile  coapcnents  (‘  >^0%)  and  lew  in  cceparison  with 
coals  heat  of  coabustico  in  aajority  of  cases  lower  than  7000  and 
not  above  7300-7400  kcal/kg) .  They  are  characterized  by  always  high 
hygroscopic  and  -  in  the  aajocity  cf  the  cases  -  by  high  overall 
huaidity,  lowered/reduced  by  the  carbon  content  and  increased  of 
oxygen.  They  easily  lose  in  air  sechanical  strength,  frequently 
becoaing  in  this  case  the  sclid  trifle,  and  they  possess  the 
increased  tendency  toward  the  spentaneous  ccsbustion. 

According  to  the  predicated  classificaticn  the  brown  coal  divide 
into  three  groups  in  tte  content  in  thea  of  the  general/coamcn/total 
working  acisture  v: 

-  with  the  aoisture  content  is  acre  than  40o/c;  -  with  the 

Boisture  content  30-40c/c;  -  with  the  aoisture  content  to  30o/o. 
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Table  2-1.  Factors  for  the  recalculation  of  the  propellant 
conpositicn,  outpat/yield  of  volatile  coaponeots  and  heat  of 
coebustion  (in  the  beak  and  the  highest)  frci  cne  aass  of 
fuel/propellant  to  another. 


roaitiiM 

1  (v]  McRoMa  Hecce 

p^Soeae 

•najiirrti* 

/  eccHaa 

(/)  1  1  •') 
eftaa  j  rbpo'iia 

i 

Pa<So<fAii 

I 

too  — IT" 

too 

100 

100  — IP'’ 

100  — ir^ 

I0.J  —  IP'’  —  ,1» 

AHa^HTHnecxaii 

100 —  W' 

• 

100 

100 

too  —  IS"” 

a 

1 

1 

3 

1 

n 

1 

a 

Cyta* 

100  — 

100  —  v 

I 

■  ! 

100 

100 

100 

100  — 

fopiQ^aii 

3 

1 

e 

1 

100  —  ir“  —  A* 

100 --4' 

• 

1  "»  1 

100 

100 

Key:  (1).  Prescribed/aseigned  eass  of  f uel/prcpellant.  (2).  Unknown 
oass  of  fuel/propellant.  (i) .  wccKer.  (4).  analytical.  (5).  dry.  (6). 
fuel. 

Page  10. 


2-10.  Stonoware  ones  include  carbon/ccals  with  output/yield  of 
volatile  coeponents  v  -9-w'',  and  it  is  above.  Tteir  bulk  to  the 
different  degree  is  sittered,  acd  ccly  the  part  of  carbon/coals  with 
the  output/yield  is  the  vciatile  acre  than  a2-45o/o  (long-flane)  and 
lass  than  15o/a  (lean)  are  not  sintered. 
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Coals  are  divided  icto  the  seiies/rcv  c£  the  bEands/aar ks,  ubich 
are  distinguished  by  the  outfut/yield  of  volatile  ccnponents  and  by 
the  degree  of  the  sinteranility ,  characterized  by  strength  and 
appearance  of  nonvolatile  reeaindec/residue.  Ihe  acted  up  to  now 
larking  of  carbon/coals  cf  Dcnbass  is  given  in  Table  2-2. 

Coals  of  other  deposits  were  narked  in  essence  in  connection 
uith  sarking  of  carbcn/ccals  of  the  Donbas.  Fartheraoce,  uere  applied 
the  following  brands/naxxs:  SS-  aildly  sintered  carbon/coal;  PPH  - 
the  intersediate  product  (seai-finished  product)  of  the  wet 
concentration;  PPS  -  the  saee  of  dry  concentrat icn. 

At  the  present  tiie  fee  ccals  of  the  DSSF  is  predicated  the 
systea  of  the  narking  acccrding  to  which  carfccn/coals  are  divided 
into  the  brands/narks  cn  the  output/yield  of  volatile  coaponents  and 
degree  of  sintering,  characterized  by  the  thickness  of  plastic  layer 
"y". 


The  lower  liait  of  value  y,  expressed  in  ailliaeters,  is  entered 
as  the  index  to  the  desicnaticn  cf  the  brand/iark  of  carbon/ccal.  For 
exaaple:  G|a  -  gas  in  ainiaua  thickness  cf  plastic  layer  10  aa. 
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2-11.  To  anthracite  (hcaod  A)  carry  cacbcn/coals  with 
output/yleld  of  volatile  ccBpoacDta  2-9o/c  and  heat  of  cokosticn 
(ji<335o  iccal/kg. 

2-12.  Transient  betheen  coals  and  anthracite  are  carbonaceous 
coal  (brand  PA,  v'- >  5- 1 oc/o)  ,  unich  differ  froi  anthracite  of  higher 
heat  of  coebusticn  (Q'n  >6350  Kcal/cg) . 

2-13.  In  viev  of  the  fact  that  for  new  brands/aarks  no  yet 
sufficient  reliable  average/aean  guality  coefficients,  design 
characteristics  of  f uel/ propellant  are  given  in  norns  in  connection 
with  old  Barking.  Ezcepticn  ace  characteristics  for  the  newly 
established/installed  tcand/Bark  '*carbcnacecus  coal". 

2-14.  Out  of  given  aoove  diagran  of  classification  of  coal 
remain  geologically  czidized  stcneware  and  brcwn  coal.  An  ezazple  cf 
the  first  are  carbon/cca Is,  cbtained  in  the  sections/cuts  of  the 
Kuznetsk  Basin,  the  secccd  -  sccty  carbon/coals  of  ncscow  basin. 
Czidized  ace  also  carbcn/coals  ct  virtually  all  new 
developed/processed  deposits  cf  Central  Asia,  also,  in  particular 
Angren  deposits,  Kyzyl-Kiya,  Sulyukta,  Shurab  (marked  as  brohn). 
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Table  2*3.  Classlf icaticn  o£  stoaenare  and  fcrcwn  coal  according  to 
the  size/di aensi on  of  pieces. 


/  ajiacea 

M  yesosNoe 
atfMNeecHM 
KJiaeca 

PniHp  syesea. 

MM 

4^KDvniiuA 

K 

50^100 

^pex 

0 

25-^50 

'Wyvie.iitiiA 

M 

l3-f-2S 

C 

^UlTufi 

U^VMeHee  6 

‘^^itaoaoA 

p  (il 

orpaiiHtaH 

Mote.  To  the  deslgnacicn  cf  class  and  tc  its  conventional 
designations  is  assigned  che  naae  cf  brand/aark.  for  ezaeple:  brown 
large/coarse  -  BK,  gas  cue  -  GC«  the  aildly  sintered  tail  -  SSSh. 
etc. 


Mith  the  delivery  cf  cactos/ccals  of  bcands  0.  G.  PS.  and  SS 
for  the  coBbustion  in  the  dustlike  state,  and  also  with  the  increased 
husidity  of  coals  and  the  screening  of  beewn  coal,  it  is  Butual 
classes  S  and  Sh  is  isolated  class  with  the  size/dinension  of  pieces 
of  less  than  13  aa,  ccnuiticnaliy  designated  ssb  (seed  with  the 
tail)  . 


Hith  the  increased  huaidity  cf  brown  coal  of  instead  of  classes 
H  and  SSh  is  separated  tie  class  with  the  pieces  of  less  than  25  aa  * 
BHSSh  (brown  fine/saall  with  the  seed  and  the  tail) . 


Hith  saall  cutput/yieid  cf  nrewn  coal  cf  class  EO  is  separated 
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class  with  the  size/di leosico  of  pieces  13-50  an  -  BOH  (brown  nut 
with  the  fine/siall) . 

The  size/dlaensiot  cf  the  pieces  of  the  run-cf-the-aine  coal, 
obtained  In  an  open  aanncz,  aust  net  exceed  3C0  aa. 

Key:  (1).  Naae  of  class.  (2).  Conventional  designations  of  class. 
(3).  Size/diaension  cf  pieces,  aa.  (4).  Large.  (5).  Nut.  (6). 
Fine/saall.  (7).  Seed.  (8J .  Tail.  (9).  Private.  (10).  It  is  less. 
(11).  It  is  unconfined. 

Page  11. 


Oxidized  coals  are  characterized  by  the  full/tctal/coaplete  or 
partial  loss  of  the  sirteratiiity  (cn  leaving  cf  volatile  coaponents 
v''.  17-400/0,  with  which  uooxidizeu  coals  they  coapletely  possess 
this  property).  All  oxidized  carhcn/coals  possess  the  lowered/reduced 
(soaetiaes  on  1000-2000  kcai/xg)  heat  of  coatustion  Qi  and  the 
lowered/reduced  (with  the  strong  degree  of  oxidation)  content  of 
hydrogen.  Hith  rare  exception  they  possess  the  Icwered/reduced 
aechanical  strength  and  tne  increased  tendency  toward  the  oxidation 
and  the  spontaneous  ccitisticn. 


2-15.  Tables  2-3  and  2-4  give  established/installed  by  standards 
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classification  of  bccuc  and  ccais,  and  also  anthracite  according  to 
size/dinension  of  pieces. 

2-E.  Gaseous  fuel. 

2-16.  Gaseous  fuel  is  eixture  of  cotbustible  and  non-burning 
gases,  which  contains  certain  guantity  cf  adoixtures/impurit ies  in 
the  fora  of  water  vapors,  resin  and  dust. 

2-17.  Conposition  of  gaseous  fuel  is  assigned  in  percentages  by 
voluee,  and  all  calculations  relate  to  ncrmal  cubic  eeter  of  dry  gas 
(with  760  aa  Hg  and  C®C).  ihe  aipurity  content  of  water  vapors, 
resin,  dust)  is  assigned  in  cf  dry  gas. 

2-13.  Heat  of  coatuscion  cf  gaseous  fuel  is  calculated  according 
tc  foraula  of  nixing 


<Ji  _  0.01  10h.5HjS  +  QcoCO  +  + 

+  -Wc.,h,c«h,)i  ty  kcal/na^  (2-w 

where  Qh,»  dco  and  so  forth  -  heat  of  coabusticns  cf  separate  gases, 
given  in  Table  2-5,  kcal/na^. 

with  the  content  in  the  fuel/propellant  cf  snail  a  guantity  (to 


3o/o)  of  unsaturated  hydrocartccs  cf  unknown  ccaposition  they  are 
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accepted  as  those  consisting  cl  ethylene  (€284) .  Foe  the  gas  of  coke 
evens  <J.  of  the  unsaturated  hydrocarbons  of  the  unknevn  conposition 
is  assumed  equal  to  17CC0  kcal/ca^. 

2-19.  Different  gaseous  fuels  have  follcving  special 
featuces/peculiarities . 

The  blast-furnace  gas  before  the  adaissicn  to  the  user  undergoes 
cooling  and  preliainary  dusting  in  the  scrubbers  or  the 
disintegrators.  To  user  is  supplied  the  gas,  saturated  uith  acisture, 
with  the  dust  content  0.  1-1.0  g/ne^  (scrubber  purification)  and 
0.01-0.3  g/na^  (purification  in  the  disintegrators).  The  uncleaned 
blast-furnace  gas  contains  dust  7-12  g/na^;  the  carbon  contect  in 
dust  3-50/0.  Blast-furnace  gas  eith  the  aelting  of  ferrosilicen 
contains  a  considerably  larger  quantity  of  dust,  and  uith  the  dry 
aethod  of  purification,  calculated  for  the  ccaaon  gas,  the  dust 
content  of  gas  is  higher.  There  is  no  resin  ic  the  gas  virtually. 

Generator  gas  froe  tue  large/coarse  cake  f uel/propellant  after 
cooling  and  purlficaticn  is  supplied  to  user  by  the  saturated  water 
vapor  with  25-40*’C  and  centains  the  traces  of  dust,  and  gas  froa  the 
wood  and  the  upper  peat  -  also  the  vapor  of  acetic  acid  -  7-17  g/na’. 
Besin  content  in  it  of  C-10  g/na^.  Generator  gas  frea  the 
fine-grained  fuel/propellant  during  the  gasification  in  that  weighed 
layer  can  be  given  tc  user  with  teaperatore  of  150-250®C. 


DOC 


30041101 


FAG£ 


Table  2-4.  classiflcaticn  oc  donets  anthEacite  according  to  the 
slze/diwnsion  of  pieces. 


(j")  «..c. 

^\ycjioaitoe 

^460aifteefiM 

Macea 

^^aawep 
'-aycKOa.  iui 

|AHTpau)iT.n;iHTHull 

.n 

^^o.iee  too 

AK 

SO^IOO 

.  Wpex 

AO 

25^50 

.  fBMe.nKfiA 

AM 

n+2S 

,  j^^emenFO 

AC  , 

6-^13 

.  |T<0)uTlil6 

All]  (l 

tf^cHee  6 

(^(CeaSi.iNTfai) 

APUl  ^ 

pkleiiee  100 

Mote.  For  the  sepazate  aines/shafts  can  te  established/installed 
the  issue  of  class  AF  vita  the  size/diaensicn  of  pieces  of  acre  than 
75  aa  and  classes  AK  with  the  size/diaensicn  cf  pieces  25-75  am. 


Kith  the  sorting  cf  dc;  anthcacite  can  be  isolated  additional 
class  -  "anthcacite  tocth"  -  AZ  with  the  size/di  tension  of  pieces  3-6 
aa;  in  this  case  foe  the  class  AIs  is  established/installed  the 
size/diaensioo  of  pieces  of  less  than  3  aa.  Scaetiaes  with  the  high 
driving  in  huaidity  is  allowed/assuaed  the  dispatch  of  anthracite  cf 
class  ASSh  with  the  size/diaeas jcn  cf  pieces  cf  less  than  13  am. 


Key:  (1).  Designation  cf  class.  (/).  Conventional  designations  of 
class.  (3) .  Size/diaensicn  cf  pieces,  aa.  (4) .  Anthracite  (plate. 
(5).  It  is  acre.  (6).  kalah.  (7).  nut.  (£)  .  fine/saall.  (9).  seed. 
(10).  tall.  (11).  Private.  (12).  It  is  less.  (13).  (without 
plate/slab) . 
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Table  2-5.  Characteristics  ct  the  ^ases,  which  fcra  part  of  gaseous 
fuel. 


0^ 

c 

« 

m 

a 

m 

o 

2  •  * 

«  «  • 

^ao 

^BoAOpOA  . 

H, 

0,090 

2  579 

ICMaoT  sAeMeNTapiiuA  .  . 
n)A3or  aosAyxa  (e  npa* 

N, 

1.251 

— 

^  Mecbio  aproHa) .... 

Nl 

1.2S7 

(f^MC.TOpOA . 

o, 

1.428 

f^aiicb  yraepoAi  .... 

CO 

1,250 

3  018 

frwrAGKNCAora . 

CO, 

l.'>»4 

.  . 

TlOCepiiHCTbiA  raa . 

SO. 

2,aS8 

fl^CpOBOAOpOA . 

H,S 

1,320 

5  585 

. 

CH, 

0,716 

8  555 

. 

C.H, 

1.342 

15  226 

(linponaH . .  . 

1.067 

21  795 

laByraH  «...  ... 

C.H,o 

2.603 

28  338 

lirieKraH . 

C,H„ 

3,218 

34  890 

IIBthagm . 

C;H, 

1.251 

14  107 

^  riponMAeH 

C,H, 

1.877 

20  541 

ai  ByTMAGH . 

C,H, 

2,503 

27  IM 

. 

C.H, 

3.485 

33  528 

Note.  During  calculaticn  t.  and  o.  the  vcluie  of  the 
gr ae- lolecule  of  gas  is  accepted  egual  tc  22.41  I  (as  for  the  perfect 
gas) . 


Key:  (1).  Designation  cf  gas.  (2).  Designation.  (3).  Specific 
gravity/weight  hg/ne^.  (4).  heat  of  ccnbusticn  lowest  kcal/nn^. 
(5).  Hydrogen.  (6).  Nitccgeo  (eleaentary.  (7).  Nitrcgen  of  air  (with 
adaixture/iapurity  of  argon).  (E).  Oxygen.  (9).  Carbon  aonoxide. 

(10).  Carbonic  acid.  (11).  sulfur  dioxide.  (12).  Hydrogen  sulfide. 
(13).  nethane.  (14).  Ethane.  (15).  Propane.  (16).  Butane.  (17). 
Pentane.  (18).  Ethylene.  (I'i).  Fcopylene.  (2C)  .  Eutylene.  (21). 


Eenzene 
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Dust  content  in  this  gas  10-15  g/nt^,  resin  -  1-1.5  g/nm^,  acetic 
acid  (Billing  peat)  -  traces,  water  vapors  (with  the  huaidity  cf 
fuel/propellant  32-37o/o  -  ^50-300  g/nm^.  During  scrubber  scrubbing 
cf  gas  contains  dust  0.5-1.C  g/na^,  resins  -  traces,  water  vapors 
30-60  g/na’. 

Gas  of  air  blasting,  which  is  withdrawal/departure  during  the 
process  of  obtaining  water  gas,  leaves  the  gas  generator  with 
teaperature  of  500-6C0®c  and  contaans  16-32  g/na^  of  dust  and  13-40 
g/CB^  of  water  vapors,  icwest  heat  of  cotbustlcn  of  dust  420C-6000 
kcal/kg. 

Gas  of  coke  ovens,  as  a  rule,  is  forwarded  to  user  after 
purification  froa  resin,  benzene,  naphthalene  and  aaaonia  ("opposite 
gas") .  This  gas  contains  resins  and  dust  traces,  benzene  -  4  g/na^. 
The  Boisture  content  of  gas  answers  its  saturation  at  25-35<*C.  Crude 
gas  contains  benzyl  27-32  g/na^  and  traces  cf  resin,  naphthalene  and 
aaaonia. 

The  natural  gases,  supplied  to  user,  dust  dc  not  contain.  Their 
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■oistuce  coateat  depends  ££Cb  tae  aethod  of  dehydration  to  the 
adiission  into  the  gas  pipe  ana  ai  the  places  c£  yield  can  strongly 
oscillate.  During  the  supplying  c£  gas  tc  the  great  distances  the 
aoisture  fron  it  is  rescued  and  scisture  content  it  it  is  possible  to 
consider  corresponding  tc  saturatacn  with  IC’C. 

2-C.  Hixtures  of  f uels/pxopellants . 

2-20.  In  the  case  ci  ccsCusting  nixture  cf  two  solid  or  liquid 
propellants,  prescribed/assigned  oy  parts  by  weight  (g*  -  part  by 
weight  of  one  of  f uels/pxopellants  in  nixture),  heat  of  conbustion  1 
kg  of  nixture  is  calculated  accccding  tc  fctiula 

Q? (I -«')  kcal/kg.  (2-io) 

2-21.  If  nixture  is  pcesccxbed/assicned  net  in  parts  by  weight, 
but  in  shares  of  heat  release  cf  each  fuel/prcpellant  (g*  - 
fraction/portion  of  cne  cf  f uels/propellants) ,  then  for  transition  to 
parts  by  weight  serves  fcxnula 

roi" 

*”  (I 

2-22.  During  conbustion  of  nixture  cf  solid  or  liquid  propellant 
with  vapor  calculation  zer  ccsvenience  arbitrarily  is  conducted  not 
on  1  kg  of  burned  nixture  cf  fuels/prcpellants,  but  on  1  kg  cf  solid 
or  liquid  propellant  taking  intc  account  quantity  of  gas  (nn^),  which 
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1 

( 

S 

S 

\ 
t 

!  falls  on  1  kg. 

;  ) 

I 

I 

In  this  case  condlticnal  heat  of  coibusticn  of  the 
j 

fuels/pcopellants  with  t  oa->  cf  gas  on  1  leg  cf  solid  oc 
propellant  is  calculatea  according  to  the  fotiula 

M 

!  OJ-dJ  +*Qi  kcal/kg.  (2-12) 

t 

I  j  where  q;'  and  o'"  respectively  designate  the  lowest  beat  of 

i  j  coBbustion  of  the  coobustion  cf  sclid  (or  liquid)  propellant, 

I  I  kcal/kg,  and  gas,  kcal/na^. 

t 

I  ! 

If  ailture  is  ptesciioed/assigned  in  the  f ractiens/portions  of 
the  heat  release  cf  each  fuel/pcopellant  -  tbe  fracticn/pcrticn  of 
solid  or  liquid  propellant  in  total  heat  release  q*  and  a 
fraction/part  ion  of  gas  (l-g^)  ,  tne  quantity  cf  normal  cubic  leters  of 
gas,  which  falls  on  1  kg  cf  sclid  cr  liquid  propellant,  comprises: 

nm’/kg.  ,^3) 

«’  <J'" 

2-D.  Design  characteristics  cf  f uei/propellant. 

2-23.  For  selecticn  of  design  characteristics  cf  f uel/prcpellant 
designed  assignment  must  contain  following  incicatiens: 


Bixture  of 
liquid 
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for  anthracite,  stcieware  and  brown  coal  and  schists  - 
designation  of  deposit,  trand/aaric  and  class  according  to 
size/dinension  of  pieces; 

for  withdrawals/departures  of  enrichnent  of  carbon/coals  - 
deposit  and  brand/oark  cf  enriched  carbon/coal  and  nethcd  of 
enrichnent  (dry,  wet); 

for  peat  -  nethcd  ct  yield  (cake,  ailling) ; 

for  wood  f uel/propeliant  -  sizes/di sensicns  of  pieces;  for  wood 
waste  -  character  of  prcoucticn  fxca  which  are  obtained 
withdrawals/departures ; 

for  petroleun  residue  -  crand/nark  and  sulfur  content; 

for  the  artificial  caseous  fuel  -  fern  cf  gas,  initial 
fuel/propellant,  method  cf  obtaining  and  scrubbing  cf  gas; 

for  the  natural  gaseous  fuel  -  region  cf  yield,  character  of 
deposit  (natural-gas  ci  purely  cas  wells) . 
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In  view  of  the  £act  that  the  inpurity  content  in  the  gaseous 
fuel,  and  also  teopecatuce  and  fressure,  with  which  the  gas  pcoceeds 
to  usee,  ace  subjected  tc  ccnsidecable  fluctuations,  these  values  foe 
the  specific  cases  oust  he  specially  refined. 

2-24.  In  RH  2-01  and  ^-02  are  given  design  characteristics  of 

basic  forms  and  brands/marks  c£  censuned  by  Seviet  power  engineering 

fuel/propellant.  The  ccccected  values  cannet  be  considered  as  the 

% 

permanent  and  solidly  es tanl isnea/installed  norms.  These  are  some 
average  numbers,  which  characterize  the  fuel/ propellant,  which 
considerably  differs  by  its  ccmfcsiticn  and  ccality  both  on  the 
separate  mines/shafts,  the  peat  mining  enterprises,  etc.  and  on  the 
tine.  The  characteristics  of  solid  fuel  relate  in  essence  to  the 
series  unenciched  and  unscreened  f uel/prcpellant,  with  exception  of 
screened  anthracite  cf  Ccncass. 
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Table  2-6.  Moisture  content  of  the  saturated  gas. 

90 

I  9SU 

Key:  (1).  Tenperature.  (^).  Moisture  content  cn  1  no-i  cf  dry  gas  d, 
g/nn^ . 

Page  13. 

Besides  the  average  data,  in  aH  2-01  are  given  fundaaental 
characteristics  it"'  and  or  tae  solid  fuel  cf  the  laxiaally 
lover ed/reduced  quality,  the  possibility  acre  or  less  prolonged 
adeission  of  which  shculc  be  considered  during  the  design  of  separate 
aggregates/units  or  entetprises. 

2-25.  During  thersal  design  of  boiler  aggregates/units  design 
characteristics  of  f uel/propeliant  are  accepted,  as  a  rule,  cn  RN 
2-01  and  2-02.  The  acceptance  cf  other  characteristics  is 
allowed/assuned  with  a  sufficient  proof  cnly  in  the  calculaticns  of 
the  aggregates/units,  intended  tor  the  ccncrete/specific/act ual 
ob  jects. 

Changes  of  the  prcpcilant  properties  within  the  liaits. 


0) 


10  20  30  «0 


SO  60  70 


VB^irocoAcpwaiiHe  iia  I  Hait  cvxoro  ra- 

91  d.  a.Mjia . . 


5.0 


10. 1 


19.4 


35. 9 


64.6 


114 


202 


370 


739 
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indicated  in  Table  2-1,  lead  to  such  change  in  the  basic  results  cf 
the  theraal  design  of  aggregate/unit,  which  is  within  the  livits  c£ 
the  precision/accuracy  ct  calculaticn.  Therefore,  if  the  assigned 
characteristics  (separate  cr  scaewbat  si sultaneousl y)  change  in 
comparison  with  the  tabulated  data  or  these  accepted  earlier  for 
calculating  this  aggrecate/ucit  tc  the  values,  which  do  not  exceed 
indicated  by  Table  2-1,  recalculation  by  the  f uel/prcpellant  of  the 
changed  characteristics  to  produce  one  ought  net. 

2-26,  For  calculating  bciler  aggregate/unit  during  combustion  of 
fuel/propellant,  not  led  in  Bh  1-01  and  2-02,  design  characteristics 
must  be  established/installed  on  tne  basis  cf  analysis  specially  fer 
this  purpose  of  selected  on  appropriate  commands  tests/sacples. 

The  results  of  analysis  arc  divided  into  the  following  classes, 
arranged/located  in  desceoaing  order  cf  the  reliability  of  their  use 
for  the  characteristic  cf  ccnmercial  fuel/prcpellant. 

1.  Analyses  of  commercial  tests/samples  (calculated,  stockpile, 
operational)  . 

2.  Analyses  of  sheet  rests/saiples  from  effective  faces,  drifts 


and  sc  forth,  etc 
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3.  Analyses  of  tests/saif les  iron  prospectings  (bore  pits, 
galleries,  etc.). 

4.  Analyses  of  bciehcla  (core)  tests/saiples. 

Accepted  for  the  establisbaent  of  design  characteristics  of 
fuel/propellant  analyses  eust  satisfy  the  fcllcving  niniaua 
reguireaents: 

a)  heat  of  conbusticn  eust  be  detersined  in  caloriaeter. 

b)  the  limits  of  the  fiuctoations  of  the  heat  of  combustion  cf 
combustible  mass  cr  q'  the  different  batches  cf  fuel/propellant  or 
during  the  different  periods  cf  trie  must  net  eiceed  150-200  kcal/kg. 

c)  during  testing  of  the  cenformity  of  the  prescribed/assigned 
elementary  composition  tc  the  neat  of  coibusticn  cf  combustible  mass 
by  Hendeleyev's  formula 

(j; -8ic'  +  2«H'-:6(o-s)'  kcal/kg  (mm 

the  latter  must  not  give  disagreement  with  calcrimetric  detarainaticn 
(f,  more  than  on  150  kcal/kg  tor  the  f uels/prcpellants  with  and 

200  kcal/kg  for  the  fuels/propellants  with  These  disagreements 
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in  the  first  case  (when  a‘<25v,\  can  te  to  that  and  other  sides,  and  the 
secondly  (when  ,i‘>.'5y.)  the  results  cf  calculation  according  to 
Hendeleyev's  formula  must  oe  atcwe  Q;  on  the  calorimeter. 

For  the  comparison  cf  different  tests/saaples  all  data  in  ash 
cor ’.ent  and  content  cf  sulfur  ^.)  must  be  converted  to  the  dry 

mass,  and  by  the  elementary  ccs(Osition,  the  heat  of  combustion  and 
the  output/yield  of  volatile  coepcoents  -  tc  the  combustible  mass.  As 
a  result  of  this  coapariscn  must  te  determined  the  design 
characteristics  of  f uel/prcpellant. 

The  content  of  working  moisture  must  be  accepted  in  essence 
on  the  commercial  and  sheet  tests/samples,  if  there  is  confidence, 
that  the  initial  humidity  cf  tests/samples  was  preserved  with  their 
finishing  and  tests/sairples  were  airtightly  packed  with  their 
delivery/procureaent  into  rhe  laboratory.  In  the  absence  of  this 
confidence  calculated  values  v'  must  be  accepted  on  the  moisture 
capacity  of  the  large/ccarse  pieces  of  carbcn/ccal 

Ash  content  a‘,  content  of  sulfur  and  melting  point  cf  ash 

must  be  determined  in  essence  cr  the  commercial  tests/saaples. 
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Table  2-7.  The  standard  deviations  of  propellant  properties. 


lIlMMeUORaHHt  xepaKTCPHCTHRN 

OobiMt^ 
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yr.iH 

yr.im  . 
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4 

SoJibHOCTb  Ha  cyxyto  Maccy . .  .  •  . 
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)CoiiepM(8HHe  yrnepoaa  Ha  ropwqyio  maccy  .  . 
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6 

.  ((|\50aOpO4«  .  .  ... 
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% 

m— — 
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■  . 

1 

( 

orpat^NHCNHA 

[TenjioTa  cropiiiHN  HHsuiaii  ho  ropioiyw  maccy 

di 

240 

210 

180 

Key:  (1).  oesignation  of  characteristic.  (2).  cesignation.  (3). 
Ciaensionality.  (4).  Stacdard  deviations.  (5).  Lean  coal  and 
anthracite.  (6).  Coals.  (7).  Brcun  coal.  (8).  Huaidity  to  worlcing 
aass.  (9).  Ash  content  to  dry  aass.  (10).  Carton  content  to 
coabustible  aass.  (11).  hydicgec.  (12).  oxygen.  (13).  sulfur.  (14). 
(iithout  lieitations.  (15).  Heat  ct  coabusticn  lowest  to  conbustible 
aass.  (16).  hcal/kg. 


FOCTNOTB  >.  Calculated  ash  content  aust  not  exceed  value 
indicated  in  BN  2-01.  E NCFCCTNCIE. 

Page  14. 

For  obtaining  reaaining  characteristics  (»*.  c-’.  h'.  n'.  o',  sj,.  q; .  v'.  the 
characteristic  of  nonvolatile  reaainder/residue)  can  be  taken  into 
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consideration  the  data  cf  the  analyses  of  the  tests/sanples  of  all 
four  classes. 

2-27,  For  calculatiO'j  ociler  aggregate/unit  on  f uel/propellant 
for  which  characteristics  are  given  in  SN  2-01,  but 
prescribed/assigned  ash  conrent  or  hunidity  differs  fros  tabulated 
data  of  SN  2-01  by  values,  it  as  acre  than  tolerances,  given  in  Table 
2-7,  design  characteristics  of  f uei/propellant  are  deterained  by 
indications  paragraphs  2-d&  ana  i-C7  by  aethcd  cf  recalculation  cf 
tabular  values  of  coapcsiricn  and  beat  of  ccafustion,  if  only  taken 
design  characteristics  cf  asb  ccntent  does  net  exceed 
indicated  in  RN  2-01. 

2-23.  When  design  cbaracteristics  of  fuel/propellant  are 
accepted  not  on  RN  2-01  cr  ^-02,  rbeir  selection  Bust  be  produced 
under  nanageaent/nan ual  cr  by  ccnsultaticn  cf  specialized 
organization. 
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Chapter  Three. 


PHYSICAL  CHARACTERISTICS  UTILIZED  IH  THE  THEFBAL  DESIGN  OF  BCILEB 
UNITS, 


3-01.  During  deter ninat ion  or  heat  capacity  of  gases  voluae  of 
■ole  Nas  received  equal  to  .:2.41  ni^  (on  perfect  gas). 

Meat  capacity  of  air  and  gases,  entering  the  ccabustion 
products,  are  given  in  Table  3-1. 

The  heat  capacity  of  nuaid  air  c,  is  calculated  with  the 
■oisture  content  10  g  cb  1  Kg  or  dry  ait  and  is  related  to  1  ca®  cf 
dry  air.  with  other  noisture  content  d  g/Kg  the  heat  capacity  of  air 
is  calculated  froa  the  fcxoula 


= ‘c » + <cal/Di^  deg 

where  c^.  and  -  heat  capacity  cf  dry  air  and  water  vapor. 

The  heat  capacities  of  solid  fuels,  petccleun  residue,  ash  and 
conbustible  gases  are  given  in  EH  3-01. 

3-02.  For  coabusticn  prcducts  whose  pressure  in  boiler 
aggregates/units  it  is  saall  it  dirfers  frco  atoospheric,  are  given 
kineaatic  viscosity  coetficients  >  a^/s,  while  for  vapor  and  water 

coefficients  of  dynaaic  viscosity  Kg  s/n^. 
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Table  3-1.  Average/mean  kaat  capacity  of  the  air  and  gases  free  0  tc 
t®C,  kcal/ne^  deg. 


^CO, 

'N. 

*0, 

*HiO 

0 

0.3821 

0,3092 

0,3119 

0,3569 

0,3098 

0.3150 

100 

0,4001 

0.3095 

0,3147 

0,3595 

0,3106 

0,3163 

200 

0.42C9 

0.3104 

0,3180 

0,3636 

0.3122 

0,3181 

300 

0.4449 

0.3121 

0,3239 

0,3684 

0,3146 

0,3206 

400 

0.4609 

0.3144 

•  0,.32'JO 

0,3739 

0.3174 

0,3235 

500 

0,4750 

0.3171 

0,3330 

0.3797 

0,3207 

0,3268 

600 

0,4875 

0.3201 

0,.3384 

0,3857 

0.3240 

0,3303 

700 

0. 

0,3233 

0,3426 

0,3920 

0,3274 

0,3338 

80C 

0.5UW 

0.3265 

0,3463 

0,3984 

0,3306 

0,3371 

WO 

0,5181 

0.3295 

0,3498 

0,4050 

■  0.3338 

0,3403 

I  UOO 

0.5i63 

0.3324 

0,3520 

0,4115 

0,3367 

0,3433 

1  lOU 

0.S338 

0.3352 

0,3557 

0,4180 

0,3395 

0,3463 

1  200 

n.5407 

0.3378 

0,3584 

0.4244 

0,3422 

0,3400 

1  300 

0.5469 

0.3404 

0,3608 

0,1306 

0,3447 

0,3517 

1  400 

0.5526 

0.3427 

0,3631 

0,4366 

0,3470 

0,3542 

1  suo 

0.5578 

0.3449 

0,3653 

0.4425 

0,3492 

0,3365 

I  600 

0.56J6 

0.3470 

0,3673 

0,4481 

0,3513 

0,3587 

1  ;(H) 

0,5(*»7I 

0.34W 

0.3693 

0,4537 

0,3532 

0.3G07 

1  800 

0.5712 

0,3508 

0,3712 

0,4589 

0,3551 

0,3625 

1  900 

0.5750 

0.3525 

0,3730 

0.4039 

0,3568 

0.3644 

2  000 

0.5785 

0.3541 

0,3748 

0,4688 

0,3585 

0,3661 

2100 

0.5818 

0,3557 

0,3764 

0,4735 

0,3600 

0,3678 

2  200 

0,5848 

0.3571 

0,3781 

0.4779 

0,3615 

0,3693 

2300 

0.5676 

0.3585 

0.3797 

0,4822 

0,3629 

0,3708 

2400 

0.5902 

0.3598 

0,3813 

0,4864 

0,3643 

0,3722 

2500 

0.S926 

0.3610 

0,3828 

0,4003 

0,3655 

0.3735 
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Klneeatlc  viscosity  coefficient  for  the  vapor  and  the  water  is 
deternined  as  follows: 


(3-02) 


where  specific  voluaes  v  a-^/hg  ace  taken  on  the  tables  cf  appendix 
II. 


3-03.  Coefficients  cf  xineiatac  viscosity/ductility/toughness  cf 
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aic  and  flue  gases  of  avecage/aean  conpositicc  at  pressure  760  no  Hg 
and  teepecatures  of  0-1600^C  are  represented  in  Table  3-2. 

The  coaposition  of  flue  gases  is  characterized  by  the  vcluae 
fractions  of  water  vapcrs  and  carbcnic  acids  Oi.o  and  >'co,-  egual  to  the 
partial  pressures  of  these  gass  at  the  total  pressure  1  atn(ats. ); 
the  average/aean  coaposation  or  gases  corresponds  and  '■co,-o‘3 

The  deviation  of  the  kineaatic  viscosity  coefficients  of  the 
products  of  the  conplete  ccabosticr,  which  have  the  coopositicn, 
different  free  the  average,  rs  deterained  aainly  by  the  content  cf 
water  vapors. 

In  Pig.  la  is  given  factor  deterained  in  depending  on 

and  the  teaperature  of  gases. 

The  kineaatic  viscosity  coefficient  of  flue  gases  of  the 
prescribed/assigned  ccipcsiticn  is  deterained  frea  the  foraula 

B*/S.  (3-03) 

3-04.  Coefficients  cf  dynaaic  viscosity  cf  water  and  water  vapor 
at  pressures  1-400  kgf/ci^  and  teaperatures  0-70(fc,  and  also  on  line 
of  saturation,  are  given  rn  lanle  3-3. 


Pig.  1.  Corrections  for  toe  rec^Iculatioc  of  the  physical 
characteristics  of  flue  gases  ci  the  average/sean  ccaposition:  a) 
correction  b)  correction  c)  correction  "p. 

Page  16. 

3-05.  Coefficient  ct  therial  conductivity  cf  air  and  flue  gases 
of  average/aean  conpositicn  "'no-ox  and  fcr  teoperatures  cf 
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C-16J0®C  they  are  repcescoted  in  Table  3-2. 

Like  Tiscosity/ductility/tcugfaness,  thenal  conductivity  of  the 
products  of  the  conplete  ccabustica  depend  aainly  on  the  content  of 
water  vapors.  Pig.  lfc  gives  coeiticient  deterained  in 

depending  on  'h,o  and  tie  teaperature  of  gases. 

The  coefficient  of  the  theraal  conductivity  of  flue  gases  of  the 
prescribed/assigned  cctpcsiticn  is  calculated  froa  the  fcraula 

)i-v, kcal/a  heur  deg.  om) 

3-06.  Coefficients  cf  theoal  conductivity  of  water  and  water 
vaper  for  pressures  1-4CC  Kgf/c«*  and  teaperatures  cf  0-700®C,  and 
also  on  line  of  saturaticn,  they  are  represented  in  Table  3-4. 

3-07.  Criterion  of  physical  properties 

Pr  — 3600^^^.  (305) 

where  -  true  heat  capacity,  kcal/kg  deg;  y  -  specific 
gra vity/weight ,  Kg/a^. 

Its  values  for  the  air  at  a  pressure  1  ata(abs.)  virtually  do 
not  depend  cn  teaperature  aad  ter  interval  cf  C-160C<’C  can  be 
accented  Pr-0.7l. 
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3-08.  Value  c£  critecico  Fx  ox  flue  gases  depends  on  teaperature 
and  content  of  water  vapcxs  in  aixture.  Values  for  the  flue  gases 
of  average/eean  coapositicn  (tee  veluae  fraction  cf  triatooic  gases 
and  '■co,  =0.13)  at  the  pressure  760  ■■  Hg  for  teaperatures  of 
C-1610®C  are  given  in  Tatie  3-^. 

Fig.  1c  gives  the  gra^a/axagraa  of  the  dependence  cf  coefficient 
on  the  voluae  ftacticn  of  water  vapors  ''no-  Per  the  flue  gases, 
which  differ  froa  average/aean  coapesitien,  Fi  is  calculated  froa  the 
foraula 

P'  =>  P',  Mp,.  (3-06> 

3.09.  Values  Pr  of  water  and  water  vaper  fer  pressures  1-400  kgf 
cm*  and  teaperature  of  C-700®C,  and  are  alsc  cn  line  of  saturation 
given  in  Table  3-5. 

3-10.  For  boilers,  wnich  wet*  with  supercharging/pressurization 
under  pressure,  which  exceeds  1.05  atB(ats.),  kineaatic  viscosity 
coefficients  of  gases  it  is  deteriined  ftca  fcriula 

13-07) 

where  p  -  pressure  of  flee  gass,  ata(abs.). 


DOC  =  80041101 


FACE  5^ 

Heat  capacity,  coetticiect  c£  thernal  conductivity  and  ccitecion 
of  the  physical  pcopectics  of  ^jases  ace  accepted  for  the  cegicn  of 
the  pcessuces  which  can  cccuc  ic  che  bcilec  flues  (including  of 
high-pcessuca  steaia  genexatocs)  »  net  depending  cn  the  pressure. 

3-11.  Specific  voluaes  ana  enthalpy  of  water  and  water  vapor  ace 
given  in  tables  of  appeedix  II. 

3-12.  Coefficients  of  visccsity/ductilit y/toughness  and  therial 
conductivity,  and  also  value  cf  ccitecion  Fc  for  gaseous  fuels  ace 
given  in  Table  3-6.  They  can  te  used  for  datecaining  of  the 
characteristics  of  other,  close  in  conpositicn,  nixtuces  of  gases. 

3-13.  Physical  chacactecistxcs  of  petroleus  residue  are  given  in 
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Tabla  3-2.  Physical  chac«cteristic£  of  air  and  flue  gases  of 


average/aean  ccnpositicc. 


i.  ’C 

^0 

rajM  cpe^Mfo  cocraai 

X*  1C*.  ««c  t0»d 

KMOAhRlic  *pad 

P', 

0 

»3.3 

2.10 

12,2 

1.96 

0.72 

101 

23.0 

2,76 

21.5 

2.59 

0.69 

200 

34.8 

3.38 

32,8 

3.45 

0.57 

3U0 

48.2 

3.96 

45.8 

4.16 

0.65  ■ 

40) 

63.0 

4.48  . 

60.4 

4.90 

0,64 

500 

29.3 

4.94 

76.3 

5.64 

0,63 

500 

05,8 

5.36 

03,6 

6.38 

0,52 

7U0 

115 

5.77 

112 

7,11 

0.51 

80') 

135 

6.17 

!32 

7.87 

0.60 

900 

155 

5.56 

152 

8,61 

0.59 

1001 

ITS 

6.04 

J74 

0.37 

0.58  ' 

1  100 

190 

7.31 

197 

to.r 

,  0.57 

I  2)0 

223 

7,67 

221 

10.8 

0.56 

1  3  0 

245 

11.6 

0.55 

I  400 

273 

8.58 

272 

12.4 

0.54 

1  500 

_ 

297 

13.2 

0.53 

1  500 

323 

9.27 

323 

M.O 

0.52 

Key:  (1).  Air.  (2).  Flue  gases  or  average/oeaD  coaposition.  (3) 
a^/s.  (4) .  kcal/m  hour  deg. 
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^ - ®T" 

U  •€ 

■ 

B 

B 

B 

B 

100 

ISO 

1  ^ 

230 

300 

uo 

1  ** 

m 

1^9 

,  ^  na  BpM»oa 

^  MCUiaCNM* 

300 

2.04 

2,1)3 

2,07  j 

2.10  j 

2.14  1 

1  9-3  ! 

’  9,42 

!  9,00  j 

9,72 

9.85 

9,98 

10. 1 

9.3 

2,!7 

310 

2.08 

2.09 

2.11  1 

2. 14 

2.18  ! 

2.24 

0.  '4 

9.20 

9.38 

'3.51 

1  9. SO 

9,72 

9.0 

2  24 

320 

2.13 

2.13 

2.15 

2.:8  1 

2^2!  ' 

2.27 

8.81 

3.92 

0.04 

0,16 

3.27  1 

9.38  I 

8,7 

2  33 

330 

2.17 

2.19 

2 . 2.'i 

Ill 

S.42 

8.53 

8,68 

8.32 

8.'J2 

9.03 

8.3 

2  44 

340 

2.21 

2.22 

2.24  1 

2.26  1 

2  -  1 

2,1.) 

7.94 

3.M 

9.30 

8.47 

8,57 

7.9 

2;57 

3S0 

2.23 

2.26 

2.23  1 

2.30  ! 

2.33 

2.3T  1 

2.55  1 

i  7,64 

7,58 

8.09 

8.22 

8.36 

7  4 

9  71 

360 

2.30 

2.31 

2,32  j 

2.J4  1 

J.J7  1 

t.4l 

2.50  1 

1  7.04 

7.40 

7,66 

7.86 

S.OI  ■ 

6.8 

i.m 

370 

2.34 

2.3.6 

2,37  1 

2.38  1 

2.41  . 

2.44 

2.58  1 

2,25 

6,84 

7.20 

7,4G 

7.65 

5  8 

3.44 

380 

2.38 

2.39 

2.41  1 

2,43 

2.^3 

2.48 

2.61 

1  2.97 

5.61 

6.6.5 

7.00 

7,27 

390 

2.43 

2.44 

2,45  I 

2.47 

2.50  1 

2,52 

2.64 

2.S5 

3.49 

5.85 

6.49 

6.88 

400 

2.47 

2.48 

2.30 

2,51 

2.54 

2.57 

2  67 

2.35 

3,24 

4.60 

5,77 

6.39 

410 

2.52 

2.33  1 

2.34  1 

2.56  ■ 

2.38  ^ 

2.61 

2.70 

1  2.86 

3.15 

3.92 

5,01 

5.82  . 

_ 

420 

2,56 

2.37 

2.58  1 

2,60  1 

2.  CL-  1 

2.65 

2.73 

2.88  i 

:  3.12  i 

3.59 

4.44 

5  27 

_ 

430 

2.61 

2.61 

2  ‘>2 

2  64  i 

3,.v. 

2.69 

2  77 

I  2  ' 

■  3. It  1 

3.47 

4.08  1 

4.31 

440 

2.65 

2,66 

,  2,67  ’ 

2.t>9 

' 

;  -.73 

2.ai 

1  2.93  ‘ 

3.12  i 

r  3,40 

3.38 

4.44 

430 

2.70 

2.70 

o  1 

*  2.73 

2.75  1 

1  2.77 

2.83 

2.96 

3.12 

3,37 

3.74  1 

4.19 

460 

2.74 

2.73 

2.76  1 

2  77  1 

2.70  i 

i  2.82 

2.80  1 

3.00 

3.14 

3.35 

3.67 

4,03 

_ 

470 

2.79 

2.79 

2,80  1 

2  82  1 

i  2,84  1 

1  2.86 

2,93  ' 

3,03 

3,16 

3.33 

3.62 

3.94  1 

1 

_ 

480 

2.84 

2,84 

2,35  1 

2.80 

2.88  1 

2.90 

2.97  1 

3.1)6  1 

J.I9 

3.36 

3.59 

3.38 

_ 

490 

2.88 

2,68 

2.39  1 

2,91 

2.92 

'  2.94 

!  ).0I 

'  3.10 

3,22 

3,37 

3.53 

3.83 

300 

2.93 

2.93 

2.94  ] 

2,05 

2,97 

1  2.09 

3. ''5 

!  3.14 

3,25 

3,39 

3.58 

3.80 

310 

2.97 

2,97 

2.98  1 

3.00 

3.01 

3. '93 

3.09 

3.17  ' 

1  3.28 

3.41 

— 

320 

3.01 

3,02 

3.03  1 

3.U4  1 

3,16 

1  3.07 

3.13 

3.21 

1  3.31 

3.44 

_ 

330 

3.06 

3,06 

3,07 

3.09 

3.10 

3.12 

3,18 

3.25 

3,35 

3.47  1 

1  ' 

_ 

340 

3.10 

3,11 

3,12 

3.13 

3,15 

3.16 

3,22 

3.29 

3,33 

3.50 

— 

;  ^ 

_ 

330 

3.15 

3.16 

3,16 

3.18 

3.19 

3.21 

3,26 

3,33 

3,42 

i  3,53 

3.66 

3.81 

360 

3.20 

3,20 

3.21 

3.22 

3.24 

3.25 

3,31 

3,37 

3,40 

3.56 

370 

3.24 

3,25 

3,26 

3.27 

3.23 

3..10 

3,35 

3.41 

3,50 

3.59 

'  _ 

380 

3.29 

3.29 

3,30 

3,31 

3.33 

3.34 

3.39 

3.46 

3.53 

3,53 

1  ^ 

'  _ 

390 

3.33 

3,34 

3.35 

3.30 

3.37 

3.39 

3.43 

3,50 

3,57 

3.66 

1 

600 

3.39 

3.40 

3.41 

3,42 

3.43 

3,44 

3.48 

3.54 

'  3,61 

i  3,70 

3,80 

3,90 

1  '» 

630 

3.64 

3.65 

3.66 

1  3.67 

3.6.9 

1  3,69 

1  3,73 

3,79 

1  3,86 

1  3.94 

4.02 

4.11 

_  1 

j  ^ 

700 

3,90 

1  3.91 

3,92 

1  3,93 

1  3,94 

;  3.95 

'  3,99 

!  4,03 

i  4.12 

I  4,20 

'  4,28 

4,35 

Kay:  (1).  kg/cn^.  (2).  iacar.  (J).  Stean.  (4).  in  saturation  curve 
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Table  3-4.  Coefficient  ct  thecaal  conductivity  X-IO*,  Iccal/m  hour 
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400 

4.81 

4.94 

5.14 

5.38 

5,69 

G.Oi 

7.12 

8.84 

12.2 

22  I 

29.9 

33,5 

410 

4.91 

5,04 

5.24 

5.48 

5,76 

6.08 

7.12 

8,61 

11.2 

V7\2 

25,3 

30.5 

_ 

420 

5.02 

5.15 

5.35 

5,58 

.5,85 

6.16 

7,14 

8.53 

10,7 

M.5 

20.9 

26.9 

— 

430 

5.12 

5,25 

5.44 

5,07 

5,91 

6.23 

7.16 

8.45 

10.1 

13.2 

17,0 

23.0 

_ 

_ 

440 

5.23 

5.36 

5.54 

5,77 

6,01 

6.31 

7,20 

8.38 

10. 1 

12.4 

16.0 

20.1 

— 

— 

4SO 

5.33 

5.46 

1  5.64 

5.88 

6.10 

6.38 

7.23 

8.35 

9,84 

11.9 

14. a 

18,2 

460 

5.45 

5.58 

1  5,76 

5.99 

0,30 

6.47 

7,29 

8.35 

9.70 

n.5 

14,0 

16,8 

470 

5. .56 

5.00 

1  5.a7 

0.09 

0.29 

6,56 

7.35 

8.34 

9.62 

11.3 

13.5 

15.8 

... 

480 

5.681  5.80 

5.07 

'  6,18 

6,40 

6.65 

7.41 

8.30 

9.56 

11,1 

13.0 

15. 1 

— 

490 

5.78|  5,90 

6.06 

;  6,.’0 

1  *'•■'** 

6.731 

7.40 

8.37 

9.51 

10. 9j 

12, 6i 

14.4 

—  1 

— 

S<J0 

5.881  6,00 

1  0, 16 

I  6,35 

6,57 

6.81 

7,52 

8,39 

9,46 

10.81 

12.3' 

14.0 

1  — 

_ 

SIO 

6,00i  6, 12 

1  6.28 

0,47 

6,67 

6,91 

T.iW) 

8,42 

9.45 

10,7 

1  _ 

* 

520 

iG.ll 

1  6.22 

1  6.38 

G..57 

6.77 

7.00 

7.67 

8.47 

9,41 

10.6 

_ 

1 

— 

530 

G.22 

6,3-11 

1  6,48 

6,07 

6,87 

7,09 

7.74 

8.52 

9.44 

iO,S 

— 

1  — 

540 

6,12 

6.42! 

1  6,57 

6,76 

6.96 

7.17 

7.81 

8,56 

9.45 

10,5 

1  — 

— 

— 

i  — 

550 

6. <<4 

6,54 

i  6.69 

6,88 

7,06 

7,28 

1  7.90 

8.62 

9.48 

10.5 

11.6 

12.9 

— 

— 

560 

6,56 

6.06 

6.81 

6,99 

7.17 

7.-38 

7,08 

8.09 

9.52 

10.5 

— 

— 

570 

6.08 

6.78 

6.92 

7.09 

7.28 

7.49 

8,07 

8.77 

9.56 

10.5 

— 

— 

580 

6.79 

6.89 

7.03 

7,19 

7,38 

7.57 

8,16 

8.83 

9,00 

10.4 

— 

— 

— 

— 

590 

6,91 

7,01 

7.14 

7,29 

7.49 

7.67 

8.25 

8,90 

9.65 

10.4 

— 

— 

— 

— 

600 

7,03 

-  1.1 

7.26 

7,42 

7,60 

7,79 

8,34 

8.99 

9.70 

10.4 

I), 5 

12.4 

_ 

650 

7.62 

7.70 

7,81 

7,94 

8.09 

8,25 

8,72 

9.27 

9.87 

10.5 

II. S 

12,3 

— 

700 

8.22 

8,29 

8.39 

8,50 

8,64 

8,78 

9.20 

9.70 

10.2 

10,7 

n.7 

12.4 

Key;  ( 1)  .  Icg/cn*, 


(2).  hacec. 


(i).  Steam.  (4).  in  saturation  curve. 
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Table  3-5.  Criterion  of  tne  pnysical  properties  Pr  for  the  water  and 
the  water  vapor. 


BOC  =  80041101  EA6£  -£r<r' 

6g 


\ 

t.  ’cN. 

1 

20 

40 

0) 

ao 

I9i 

ISO 

200 

350 

aoo 

3S0 

400 

“37 

nap 

~  Na  RpNeo# 
RaCUUUHH* 

300 

0,91 

1. 01 

I.M 

1,39 

1,81 

0.9510.92 

0.89 

0.88 

0.87 

0.85 

0,83 

0,97 

2,13 

310 

0,91 

1.00 

1.10 

1,29 

1,59 

2.2“. 

0.97 

0.03 

0.01 

0.89 

0,80 

O.M 

1.02 

2,28 

320 

0.91 

0.08 

1,07 

1 .22 

1.44 

1.81 

1 .04 

OM 

0.95 

0.92 

0,88 

0.84 

1,11 

2,51 

TW 

0.91 

0.96 

1,05 

1.17 

1.34 

I.Gf 

1.17 

1.06 

1.00 

0.06 

0.89 

0.85 

1,22 

2,86 

0.90 

o,or» 

1.03 

1.13 

1.27 

1.4^ 

1.38 

1.17 

1.07 

0.99 

0,92 

0.86 

i.38 

3.34 

350 

0.90 

0,95 

1,02 

1,10 

1.21 

1.36 

2. 4^ 

1.37 

1,13 

1.04 

0.97 

0,91 

I. GO 

4.03 

360 

0,90 

0,95 

1.01 

1.07 

1.18 

1,20 

l.iK' 

2.10 

1,34 

1. 12 

1.U3 

0.96 

2,36 

3,24 

370 

0,90 

0,94 

1,00 

1,05 

1.13 

1  22 

1,65 

3.78 

1.91 

1.30 

1.12 

1,04 

6,80 

11.10 

3W) 

0.90 

0.04 

0.09 

1,04 

1,10 

1.17 

1.4S 

2.42 

5.90 

t.G2 

1.29 

1.15 

— 

390 

0.90 

0,94 

0,98 

1.02 

1,07 

I.H 

1.39 

1. 90 

4,60 

2.76 

1.58 

I..30 

— 

— 

400 

0.00 

0,93 

0,97 

1,01 

1 .05 

1.11 

1 ,32 

1,66 

2,67 

5.22 

2,01 

I  .49 

410 

0.00 

0,93 

0,96 

1,00 

1.04 

1.00 

1.25 

1,51 

2.06 

3,48 

2.85 

1,76 

— 

0.00 

0,93 

0,95 

0.09 

1.02 

1.06 

1.19 

1,39 

1,75 

2.51 

3,2') 

2,15 

_ 

0,00 

0,92 

0,95 

0,98 

1 .01 

1.04 

1. 10 

1.31 

1,56 

1,99 

2.40 

2,45 

0,90 

0,92 

0,94 

0,97 

1,00 

1,02 

1,12 

1.24 

1,43 

1 .75 

1,98 

2.38 

— 

— 

4.90 

0.90 

0,92 

0,94 

0.96 

0,90 

1,01 

1,08 

1,19 

1,,34 

t  .56 

1,75 

1,99 

■WtO 

0,90 

0,92 

0,93 

0,95 

0.98 

1.00 

1.06 

1,15 

1.27 

1.44 

1.60 

1.73 

470 

0,90 

0,91 

0.93 

0.95 

0,97 

0.99 

1.04 

1.11 

1.20 

1,34 

1.47 

1,59 

— 

— 

480 

0,90 

0.01 

0,93 

0.94 

0,96 

0,08 

1.02 

t.08 

1,16 

1.26 

1,37 

1,46 

— 

4'JO 

0.90 

0.01 

0.03 

0.94 

0.95 

0.97 

1.01 

1 .06 

1.12 

1,20 

1.29 

).36 

— 

— 

500 

0,90 

0.91 

0,92 

0.04 

0.95 

0.96 

1.00 

1.04 

1.09 

I.IS 

1,22 

1,29 

510 

0,80 

0.91 

0,92 

0,93 

0.94 

0.95 

0,99 

1,02 

1.06 

1.11 

.520 

0.89 

0,91 

0,92 

0.03 

0,94 

0.06 

0,98 

1.01 

1,04 

1,09 

— 

530 

0,89 

0,91 

0,92 

0.03 

0.04 

0.95 

0.97 

1,0») 

1,02 

1.07 

— 

540 

0,89 

0,91 

0,92 

0,93 

0.93 

0.94 

0.06 

0.98 

1,01 

1.04 

— 

— 

— 

550 

0.89 

0,91 

0,92 

0.92 

0.93 

0.04 

0.06 

0.97 

0.99 

1,02 

1.04 

1.06 

— 

— 

560 

0,89 

0,91 

0,91 

0.02 

0.91 

0.93 

0.^5 

0.96 

0.98 

1,00 

— 

— 

— 

570 

0.89 

0,91 

0,91 

0.92 

0,92 

0,93 

0.04 

0,95 

0,97 

0,99 

— 

— 

— 

580 

0.80 

0.90 

0,91 

0.92 

0.92 

0.93 

0,94 

0.94 

0.96 

0,98 

— > 

— 

590 

0,89 

0.90 

0,91 

0.92 

0.92 

0.92 

0,93 

0,94 

0,95 

0,97 

— 

— 

— 

0,89 

0,90 

0,91 

0.91 

0.91 

0,92 

0.92 

0,93 

0,94 

0,96 

0.98 

1,00 

— 

— 

650 

0,90 

0,91 

0,92 

0,92 

0,93 

0.93 

0,94 

0,95 

0.96 

0,99 

1,02 

1,04 

— 

— 

700 

0,91 

0,92 

0,93 

0,93 

0,94 

0.94 

0.9S| 

0.96 

0.96 

1.01 

1.03 

1.05 

— 

— 

Key:  (1).  kg/ca^.  (2).  hatec.  (3).  Stean.  (4).  io  satucation  curve 
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Table  3-6.  Physical  chaiactecistics  of  gaseous  fuels. 


I.  Pas  jxoMeHHUx 
n  c  4  e  A 
(i^Kokcoom* . 


II  PcHeparop* 
u  A  r  a  3 


{‘’ft: 


A/j  KycKOtoto 
mon.iuta 

/(  ^riojiuocKOBKbiA  yrojibi 

[i|j  B.  ffj  Me.iK03epHu» 

'  cmozo  mofiAu^a 
(O’*- 6  MM)  (zasu^uKa- 

U,UM  90  9A9CUteHHOU 

CAoe) 

([  ^)^pe3«ptiuA  Top<(i  .  , 

^l^l^oiiMOCKoaituA  yro.ib 

)  III.  Paa  non  new- 
'moA  ra3H<|)MKa- 
Ult  H 

O^Ha  xaMeHHoro  yrnti 
nonuocKOBHoro 
'  yr.m . 

(ll)'V.  ra3  KOKCO- 

BuxncMeA 

fS|OBHUl«HHblA  .  ... 

y|*jpHcoBHuieHi<uA  .  .  . 

*4'^-  npipoaHuH 
V.  r  a  3  q  ji  c  T  0 
rjaoBux  MccTo 
powncKiiA 
(jL.U5yrypycnaHCKjtil 
M  '^nuiaHCBKA  (CaparoB 

^  CKHrt)* 


juiaacnnA  (3anaA- 
BtB  yKpaRHa)^.  . 


C>) 

Kos^MUMtHT  TcrMonpoaoniiOCTM  X*i0*.  kkoaIm  nae 

jKoa^MBNtBT  BMiaiia 

0 

100 

»0 

300 

400 

SCO 

600 

700 

aoo 

900 

i  ooo 

0 

toe 

200 

300 

2,13 

2.77 

3,39 

3,39 

4.57 

5,14 

5.70 

6.25 

6.79 

7,32 

7,84 

12,7 

21,7 

32.9 

45,8 

3,38 

3.74 

4.57 

5,38 

6.16 

G.92 

7.67 

8.41 

9,14 

9.85 

10,5 

14,4 

24,6 

37,1 

51,6 

2.6fi 

3,46 

4,24 

4.99 

5.72 

6,44 

7.14 

7.83 

8.52 

9,20 

9.87 

14.1 

24,2 

36,6 

51.1 

2,40 

3,12 

3,81 

4.47 

5,11 

5.74 

6,36 

6,96 

7,55 

8,13 

8.70 

13,4 

22,8 

34,4 

47.8 

2,67 

3,47 

4.26 

5,02 

5.74 

6,45 

7.15 

7.84 

8.52 

9,19 

9,86 

13,7 

23,6 

35,5 

49,2 

2,89 

3,70 

4.59 

5,40 

6,19 

6,97 

7,74 

8,51 

9,22 

9.93 

10,6 

14,3 

24,5 

36,9 

51,1 

6,88 

8,95 

11,0 

12.9 

14,8 

16,7 

18,6 

20,4 

22  2 

24,0 

25,7 

25,9 

44.2 

66,7 

92,9 

0,83 

8,93 

10,9 

12,8 

14.7 

16,6 

18.5 

20,3 

22,1 

23,9 

25,6 

24,6 

41.6 

64.1 

89.2 

2.38 

3.43 

4,52 

5,67 

6,84 

8,05 

9.29 

10,6 

II. 9 

13,2 

M.5 

12,2 

21,1 

32,3 

45.0 

2,51 

3,63 

4.77 

5,98 

7.21 

8,49 

9.79 

II. 1 

12,4 

13,8 

15,2 

13,6 

23,5 

36,0 

50.2 

2,51 

3,62 

4.77 

5,98 

7.21 

8,49 

9,79 

11.1 

12.4 

13,8 

15,2 

14,3 

24.6 

37,7 

52,6 
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reetCKoi  •ewecre  i 

»I0«. 

«'/««« 

( 

3  )  ^HSNeceRNX  etoiere  Pr 

400 

soo 

630 

700 

100 

900 

1  000 

0 

too 

SOO 

300 

400 

SOO 

ODD 

n» 

mo 

900 

1  000 

1 

60,0 

76,7 

94.2 

M3 

135 

157 

1 

181 

0,682 

0.672 

0,668 

0.665 

1 

i.6G8 

0,673 

1 

0.678 

0,682 

0,686 

0,690 

0,693 

68.0 

86.4 

106 

128 

i 

1  151 

176 

203 

0.539 

0,528 

0.525 

1 

0.524 

0.529 

0,534 

0.539 

0.542 

0,545 

1 

0.548 

0,551 

67.5 

1 

85.3 

106 

128 

152 

177 

204 

0,008i 

0,603 

O.GOO 

0.601 

O.GOSl 

0,616 

0,'  ’•;! 

! 

0.628 

0,632; 

0,636 

9,638 

63.0 

80,0 

98.4 

118 

140 

1G4 

188 

0.6301 

0,619 

U.6I4I 

0.615 

0.621j 

0.626 

0,6  JO] 

lr.636 

0,640 

0,645 

0.649 

64,8! 

82,5 

;02 

145 

168 

196 

0.590 

0.583 

0.576 

0.573 

0,579 

0.585 

0,589 

0.593 

0,595 

0,600 

0.604 

67.5 

85.5 

lOS 

127 

151 

175 

204 

0,565 

o!555 

0,550 

0.5Sf| 

•0,553 

i 

0,555 

0,557 

0,560 

0,564^ 

1 

0,568 

0,573 

122 

156 

193 

233 

273 

319 

368 

0.425 

0,430 

0.440 

0.4.54 

0.46S 

0,475 

0.483 

0,493 

10,500 

0,50* 

0,514 

117  , 

1 

1 

149 

185 

i 

223 

264 

307 

353 

0,420 

0.429 

0,440 

0,455 

0.467 

0,477 

0,486 

0,495 

0.503 

0,510 

0,517 

60.2 

77,0 

95,7 

117 

138 

161 

186 

0,709 

0,708 

0,738 

0.768 

0.792 

0.816 

0,832 

0.842 

0,849 

0.856 

0,863 

67.0 

85.0 

107 

130 

154 

180 

207 

0,735 

0.734 

0.763 

0.797 

0^36 

0,862 

0,886 

0,904 

0,917 

0,925 

0,928 

70,3 

90,0 

112 

136 

161 

188 

217 

0,73.5 

0,734 

0,763 

0.797 

0.836 

0,862 

0.88R 

0,904 

0.917 

1 

o 

cn 

0.928 

Key:  (1).  Designation  ct  gaseous  fuels.  (2).  lenferature.  (3). 
Coefficient  cf  thereal  ccnouctivity  \»10*,  kcal/n  h  deg.  (4). 
Coefficient  of  Icinenatlc  viscosaty/ductility/tougbness  n^/s.  (5). 

Criterion  of  physical  prcpecties  Er.  (6).  Gas  of  blast  furnaces.  (7). 
Coke.  (3).  Generator  gas.  (^>.  frca  cake  fuel/propellant.  (1C). 

Roscoh  car bon/coal* . 
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FOOTNOTE  *.  The  characteristics  or  generator  gas  frca  Hoscow 
carbon/coal  apply  to  all  jeneraxcr  gases  frca  the  cake 
fuel/propellant  and  gases  of  uncergtound  gasification  (SM  2-C2)  . 
ENDFOOTNOTE. 

(11).  B.  From  fine-grained  f uel/prcpellant  (C-6  na)  (gasification  in 
suspended  bed).  (12).  niliiog  peac.  (13).  ncscow  carbon/coal.  (14). 
Gas  of  subterranean  gasa iicaticc.  (15).  Froa  coal.  (16).  Frca  noscow 
carbon/coal.  (17).  Gas  ct  ccke  evens.  (18).  Purified.  (19).  Not 
refined.  (20) .  Natural  gas  cf  purely  gas  fields.  (21) .  Eugur uslansk. 

(22) .  Talshansk  (Saratcv)<c. 

FOOTNOTE  *.  The  characteristics  of  Yelshansk  natural  gas  apply  tc 
Dkhtinsk  and  Kurdyunsk  cases.  tilfirCCTNOTE. 

(23) .  Oashavsk  (Nesterc  iKcaine)^. 

FOOTNOTE  The  char acteristres  cf  Dashavsk  natural  gas  apply  to 
Melitopol*  gas.  ENDFCOTNCTE. 
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Chapter  Four. 

VOLOHES  AND  ENTHALPT  OF  iifi  AhL  CCflBOSTICN  EBCDDCTS. 

4-A.  Calculation  of  volutes  and  enthalpy. 

4-01.  All  calculaticas  of  voluaes  and  enthalpy  of  air  and 
products  of  combustion  axe  ccndocted  on  1  leg  cf  solid  or  liquid 
propellant  or  on  1  nm^  cf  dey  gasecus  fuel.  Bith  the  drying  of 
fuel/propellant  accordinc  to  the  extended  cycle  the  calculaticns  ace 
conducted  on  1  kg  of  the  dried  slightly  fuel/prcpellant. 

Mechanical  incomplete  burning  is  considered  by  introduction  to 
the  calculations  of  the  ccnditacsal  fuel  consumption: 

8,^ - iuT^s  kg/h. 

All  formulas  relate  to  the  case  of  the  ccmplete  combustion  of 


fuel/propellant,  but  by  sufficient  for  the  calculations 
precision/accuracy  are  applied  kith  the  insigeif leant  chemical 
incompleteness  ccmbustico,  union  cerrespends  to  the  indicated  in  the 
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noras  values  of  losses  93. 

In  all  formulas  the  vcluae  c£  gases  is  expressed  in  the  ocraal 
cubic  aeters  (na^)  ,  the  coo^csiticc  of  .'^cJid  and  liquid  propellants  - 
in  the  percentages  by  the  weight,  and  vapor  -  by  the  voluae. 

During  the  coaputaticn  ct  vciumes  vcluae  1  aole  for  all  gases 
was  received  equal  to  :^,4l  na-*  (as  for  the  perfect  gas),  in  this 
case  into  the  coaputaticn  ot  enthalpy  the  errcr  froa  the  difference 
in  the  voluaes  of  the  scles  cc  real  and  perfect  gases  is  not 
introduced,  since  heat  capacity  ot  gases  are  related  to  the  saae 
voluae  of  aole  (s.  p.  3>C1). 

4-02.  Voluaes  and  weights  c£  air  and  coakustion  products  during 
combustion  of  solid  and  liquid  propellants  are  determined  frci  given 


belcw  fortulas 
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Theoretical  qoaatity  of  dry  air*  necessary  for  the  coaplete 
coabustlon  of  f ael/prop«llant* 

Vo  =  O.WSfXCf  +  O^TSS^,.,)  -t 
'  l‘l 

+  0.265H'’  —  0,03330'’  h,«’  *?;  (4-0>) 

=  0.1 15  (C  0.373Sf,^,)  + 

+  0.342H'’  —  0.04.-10'’  KtlKcS^  <4-03) 

Key:  (1).  ns’/kg,  (2).  kg/kg. 

The  alnlsoe  volases  of  coafcastlon  products  shich  would  be 
obtained  with  the  coaplete  ccabustion  of  f ael/propellant  with  the 
theoretically  necessary  quantity  of  air  (a=1): 

Theoretical  rolnae  cf  nitrcgen 

j,  N'’ 

_  =  0.79K'>  +  0.8  H  (4-04) 


Key:  (1).  na</kg. 


Volnae  of  the  triatcaic  gases 


'rO.'”'’’®*’  100 


C'’-(-0.373S^,+,  V' 

- — - — -  M.n*  K2. 
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Key:  (1).  Ds’/kg. 


theoretical  voluee  of  the  vater  vapors 

1^,0  =  o.m;H'+  0,0 1 24  IT' 

+  0,0161  (4-OC) 


Key:  (1).  niVkg. 


During  steaa  blasting  or  steaa  pulTerization  of  petroleua  residue 
with  the  expenditure /ccBSuaption  of  steae  kg/kg  in  value  is 

included  tera  i,24g^ 

Kith  the  excess  ait  ai>1  the  calculation  is  conducted  according 
to  the  following  foriulas: 


voluae  of  the  water  vapors 

*^H,0  "  (J— I) 

(4-07) 

Key:  (1).  naVhg. 


Voluae  of  the  flue  gases 

''t  "  ‘'no,  +  K,  +  >^H,0  + 
+  (»—l)l''>  mV, '«.(>/ 


Key:  (1).  na»/kg 


(4-08) 
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Th«  volaa*  fractlcna  of  txlatcalc  gases,  equal  to  the  partial 
gas  pressures  at  the  total  pressure  1  ats(abs.): 


(4-09) 

'■RO,  “  1/. 

''m.o 

(4-10) 

'h,o“ 

Ash  coacentratloB  lo  the  flue  gases 


lO.A'o  u 

l»  —  — p: - s/hji’A'i  (4-11) 


Key:  (1).  g/ne*. 

where  v  *  share  of  the  ash  of  foel/propellant,  taken  away  by  the 
gases;  it  is  detersined  cn  p.  4-07. 


Height  of  the  flus  gases 

r  I  'I' 

~  100  +  (4-12) 


Key:  (1).  kg/kg. 

During  steas  blasting  os  steas  pulwerization  of  petroleua  residue  in 
value  0,  is  included  text 

The  special  features/peculiarities  of  calculation  during  the 
coebustlon  of  schists  are  shown  in  p.  4-11. 


; 
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4~03.  Tolaa**  and  valghts  of  air  and  coafcustlon  products  during 
coabustion  1  na>  of  dry  gasoous  fual  aro  datariinod  froa  following 
foranlas: 


Itheoratical  gnantitj  of  air 

V*  -  0.0476  (0.5  CO  +  0.5  H,  +  1 .5  4- 

(4-13) 


Kay:  (1).  na^/nn>. 


Thooratical  voluna  of  nitxogan 


■■  0.791'“ 


(4-14) 


Kay:  (1).  na^/nn>. 


Voluaa  of  tha  triatcaic  gasas 

-  0.01  (CO;  4-  CO  +  H:S  + 

+  ('>  (4-15) 


Kay:  (1).  na’/na*. 


Thaoratical  wolnaa  of  tba  watar  vapors 


I 


''H.O  “"•O'  [>'lS  llj  -f.  £ 

|■f-O.OI6l^''>Ml.^;MJl^■,^'^  (4-IG) 


FCOTN'CTE  :  '.Vith  the  content  i.n  t.he  T 
V.  un  to  3'“''  tf  urt. lirnl t  ini'  hy dro  — carb  on e 
thev  are  aseuned  to  consist  of  f,  H,,  . 


o :  a  s  r.a . 
unknown  . 


-  V-antitv 
r  rr.r  c  s  i  t  i  c  n 
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Kay:  (1).  na>/na>. 

-  the  aolsture  cottent  of  gascoas  fuel,  in  Eeferenca  to  1  na>  of 
dry  gas,  g/na>. 

Volaaas  and  voloaa  ftactiona  cf  gases  with  the  excess  air  a>1 
are  detaralned  froa  fozanlas  44-07)>  (^4- 10)  inclusively. 

The  specific  gravity/weight  of  the  dry  gas 

“  0,01 1 1 .90  COj  +.  1 ,52  HjS  + 

+  I.25N,+I,430j+  I.25CO  +0,0899Hj-t- 
+  S  (0,536m  +  0,045n) 

(4-17) 


Key:  (1)  .  Icg/na>. 


Height  of  the  flue  gases 

c. 


Key:  (1).  kg/na^. 


^r.m.t  ... 

j  o(X)  J. '30601^'^  kzIhm^. 


(4-18) 


4-04.  In  foraalas  for  deter aiolng  voluae  of  water  vapors  (4-06), 
(4-07)  and  (4-16)  aoistare  cooteat  of  air  d  is  accepted  by  equal,  10 
g  by  1  kg  of  dry  air.  If  by  assignaent  the  aoisture  content  cf  air 
differs  significantly  free  that  indicated,  then  the  voluae  of  water 
vapors,  deterained  according  tc  these  foraulas,  aust  be  changed  by 


* 
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Q  —  0.00t6<>V<>(<i —10)  «.»>/«  HJiH  hm>Ihm‘, 


Key;  (1).  na>/kg  or  n«*/ta*. 


and  tho  weight  of  flue  gases  to 


40,  -■  0.0013iil'»(<i  —  10)  KtiKt  HJIH 

(4-20) 


Key:  (1).  kg/kg  or  kg/ni*. 
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4-05.  Special  featuces/peculiarities  of  calculation  of  Toluaes 
during  recirculation  are  shews  in  p.  4-10. 


4-06.  Enthalpy  of  flue  gases  on  1  kg  or  on  1  ns^  of  burned 
fuel/propellant  is  calculated  according  to  tc  forsula 

^  —  /J  +  (>  —  I)/®  K*04/*J^ 


by  Key:  (1).  kcal/kg  or  kcal/na>. 


Enthalpy  of  gases  at  excess  air  ratio  a«1  and  tesperature  of 


gases  of  O^C 


O  **“'•***  KKtt.llHM^ 
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Key:  (1).  kcal/kg  or  kcal/na*. 

Enthalpy  of  the  t faecretlcally  necessary  guantlty  of  air  at 
teapecatare  of 

0 

KKOA/KZ  H.IH  KKaA',H/t*. 

(4-23) 

Key:  (1).  kcal/kg  or  kcal/na>. 

The  volnaes  of  the  theoretically  necessary  quantities  of  the  dry 
air  and  gases  4Bd  are  deterained  frca  foraulas  p.  4-02 

for  solid  and  liquid  propellants  and  p.  4-03  for  the  gaseous  fuel. 

The  enthalpy  1  na^  of  huaid  air  (c»).,  carbonic  acid  (‘^•)co,'  nitrogen 
(c«)n,  and  water  wapors  are  deterained  on  EK  4-04. 

4-07.  If  giwen  value  of  escape  of  ash  fcoa  heating 

I  ooo°/«dL>6. 

q: 

then  to  enthalpy  of  flue  gases  should  be  added  theraal  content  of 
ash,  deterained  according  to  to  foxaula 

(i> 

—  (‘^*), ,  Oj,,  **0.1  *5,  (4-24) 
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Key:  (1).  kcal/kg. 

where  ~  enthalpy  1  kg  of  ash,  deterained  cn  BM  kcal/kg; 

V  -  share  of  the  ash  of  f ael/prcpellant,  taken  away  by  the  gases; 
it  takes  as  the  equal  to: 

for  the  pal verl zed- coal  coabustors  with  the  dry  slag  reaowal  - 

0.  9; 

for  shaft-alll  heatings  (besides  the  case  of  coabusting  the 
schists)  -  0.8S;  during  the  ccakustion  of  schists  -  0.7; 

for  the  liquid-bath  furnaces  -  on  BR  5-OS; 

for  the  heatings  with  the  heated  slag  funnels  -  0.8-0.85; 

for  the  layer  heatings  -  on  BN  5-03  and  5-04. 

In  the  presence  of  the  built-in  ash  catchers  should  be 
considered  the  decrease  of  the  ash  contents  in  the  flue  gases  for  the 
arranged/ located  after  the  ash  catcher  heating  surfaces.  The 
efficiencies  of  the  built-in  ash  catchers  for  these  calculaticns  take 
as  the  equal  to  40o/o  fer  louvered  ash  catchers  and  75o/o  for 
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■alticyclone  dost  coll«ctors. 

4-08.  For  standard  iaaIs/pxop«llant s  whcse  characteristics  are 
glTen  la  BR  2-01  and  2-02,  are  calcalated  and  represented  in  SR  4-02 
and  4-03  volnaes,  also,  in  SB  4-05  enthalpy  cf  air  and  flue  gases 
with  excess  air  ratio  a«1« 

4-09.  Calcnlatlcn  of  voloaes  and  enthalpy  is  recoaaended  to 
conduct  in  the  fora  of  tables#  represented  in  BR  4-01. 

During  coaputation  '’'-.^table  one  should  for  each  value  of  the 
excess  air  ratio  e  deteraine  value  I  only  la  the  Units,  a  little 
which  exceed  the  actually  possifcle  Halts  of  the  teaperatures  in  gas 
conduits.  About  values  1  it  is  expedient  to  place  value  A1  of 
differences  in  two  adjacent  in  the  vertical  line  values  i  with  one  a. 
With  the  help  of  these  differences  are  deterained  in  the  process  of 
calculation  interned late  values  i  and  9. 

4-10.  Becirculation  of  gases  in  calculations  of  volnne  and 
enthalpy  of  coabustion  products  with  return  of  gases  into  flue, 
arranged/ located  to  place  of  selection  of  these  gasses,  is  considered 
on  entice  channel  froa  place  cf  introduction/input  of  recirculating 
gases  to  place  of  their  selecticn. 
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Coefficiant  of  tha  xacicculation 


whara  and  ~  volnaas  of  gases  on  1  kg  of  fael/pcopellant , 

salactad/takan  foe  tha  cacircalaticn,  and  in  saction/cut  of  selaction 
Mithoat  tha  account  to  cuciECulaticn,  nnVhg. 


Voluna  of  gasas  at  an;  point  of  channal  froa  tha  placa  of  raturn 
to  the  placa  of  tha  salcctios 

Kay:  (1).  nB*/kg. 

whara  >  woluaa  of  gasas  at  tha  particular  point  without  the 
account  to  rocirculatlcB,  naVh9« 


Enthalpy  of  gases  is  tha  placa  of  tha  raturn  of  tha 
racirculating  gasas  after  tha  aixiag 


Kay:  (1).  kcal/kg. 


Tha  taaparatura  of  gasas  aftar  tha  airing 


DOC  a  80041102  FAGB 

where  the  total  heat  capaciti  of  the  prodocts  of  the  coibastion  1  kg 
of  fael/propellant  after  alziag  is  detersiaed  frca  to  the  forwola 

(v 

KKaAlKz:pad. 

(4.29> 

My:  (1)*  kcal/kg  deg. 

where  /,  and  -  enthalpy  and  total  heat  capacity  in  the  place  of 
the  return  before  the  ailing*  fccai/kg  and  kcal/kg  deg;  and 

-  the  sane  for  the  gases*  which  reaain  after  the  place  of  selection. 
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In  further  sections  of  channel  to  the  place  of  selection  the 
tenperature  of  gases  is  calculated  with  the  help  of  the  total  heat 
capacity,  deternined  acccrding  to  fornula  (4.29)*  where  and 
are  accepted  according  to  the  tenperature  in  the  designed  section/cut 
of  flue. 

Bith  the  gas  bleed  froa  the  beating  for  the  drying  of 
foe 1/propellant  and  the  return  cf  the  products  of  drying  into  the 
heating  the  coaputation  of  vcluaes  and  enthalpy  is  produced  without 
the  account  to  recirculation. 


4-11.  OoElng  coabastloo  ot  schists  roluses  and  weight  of 
cosbastlon  pcodacts  are  calcolated  with  corrections  for 
decoeposition/expansioo  of  carbcoates. 

In  RR  2-01  are  given  ash  ccntent  of  schists  to  working  aass 
and  carbonic  acid  of  carbonates  (co.)^/.. 

Rith  coabostion  of  schists  the  carbonates  partially  or 
coapletely  are  decoa pose d/expanded  and  separating  carbonic  acid 
increases  the  volnae  of  triatoaic  gases.  Separated  part  by  weight  of 
carbonic  acid  is  called  the  coefficient  of  the  expansion  of 
carbonates  k.  It  is  accepted 

daring  the  layer  ccabastlon  k»0. 7; 

daring  the  chaaber  coabestion  k^l.O. 

The  calculated  ash  contents  in  the  faal/propellant  taking  into 
account  the  undecoaposed  carbonates  is  approxlaately  egaal  to: 

-  4'  +  (I  -  *)  (COj);%.  (4-30) 


7oluae  of  carbonic  acid 
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i 


+ 0.509 


(CO,); 


0) 

100^*  '*.*’(**• 

(4-31) 


Key:  (1).  na^/kg. 


Volaaa  of  the  gaaca 


‘  ”‘',  +  0,509 


(CO,); 

100 


C» 

■  k  (4-32) 


I 

i 

I 

( 

1 

t 


Kay:  (1).  na>/kg. 


Kalght  of  tha  gasaa 


^  ^  (CO,);  L'> 

"  C,  +  *  kilKi.  (4-33) 


Kay:  (1)  kg/kg. 

Tha  Toluaa  fracticas  of  the  triatoalc  gases 

*''RO..jr_  ‘'h,0 

'■bo..*"  w. ,  •'■ho.,—  ■ 

4-12.  Daring  coabostion  cf  aixtara  cf  f uels/propallants 
calcalatlon  of  volnaas  and  aathalpy  of  coabostion  products  is 
racoaaandad  to  conduct  for  each  fual/propallant  saparataly  on  1  kg  of 
solid  or  liquid  propellant  and  1  na*  of  dry  gas. 


By  obtained  for  each  f ual/{cofellant  values  i',  and  I  are 
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dtttecaln«d  th«  volaaas  aad  tha  aathalpy  cf  tha  coabaation  pcodacts  of 
the  aixture: 

a)  for  the  alxtare  cf  tao  naifora  f aels/ptopellants  (solid, 
liquid  or  vapor)  -  accotdiaq  to  the  foraolaa  cf  tho  aixinq: 


-f  (1  —  g  )  r*"  H  e»  a.ie 

(4-34^ 


Key:  (1).  na>/kg  or  oaVK** 


and  so  forth; 


b)  for  the  aixtore  cf  solid  or  liquid  propellant  with  vapor 

■■  „  y  J  l4-,V5> 


Key:  (1).  na’/kg,  etc. 

Respectively  entice  further  calculation  is  conducted  on  1  kg  of 
solid  or  liquid  propellant. 

The  Toluae  fracticns  of  triatoaic  gases  >^>0.  and  for  the 
aizture  of  fuels/propellaats  are  calculated  according  to  the 
foraulas: 


a)  for  the  airture  cf  tao  unifora  f uels/pcopellants 
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•■ro 


»''^RO, +  (l  —  s')  >^Bo. 

”  V, 


«-3C) 


aod  analogoos  with  this  is  dstazsiaed  'ha- 


b)  foe  th«  alxtucc  c£  solid  oz  liquid  pzopellant  with  the  vapoz 


and  respectiwelr  is  detezained  'h.o- 

The  specific  gravit products  of  coabusticn  for 
the  aizture  of  f uels/prcpellasts  is  calculated  according  to  the 
focaulas: 


a)  for  the  aizture  c£  the  unifora  fuels/propellants 

7  *  — - - y - jr.'H.e*; 

(4 -SB) 


Key:  (1),  kg/na^. 


b)  for  the  aizture  c£  solid  or  liquid  propellant  with  vapor 

I'*''.’ + 'I'V,!’  ('/ 

'  yr - ^  k:  (4  39) 


Key:  (1).  kg/na> 
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In  fornolas  (4>34)f  (4.36)  and  (4.38)  the  designations  vith  the 
prise  relate  to  the  first  fuel/propellant,  and  with  two  prises  -  to 
the  second;  in  forsalas  (4-35) ,  (4-37)  and  (4-39)  the  designations 
with  the  prise  relate  to  the  solid  (or  liqnid)  propellant,  with  two 
prises  -  to  the  vapor. 

In  forsalas  (4-34),  (4-36)  and  (4-36)  g*  -  part  bj  weight  of  the 
first  f uel/propellant  in  the  slxtnre  kg/kg,  while  in  forsalas  (4-35), 
(4-37)  and  (4-39)  X  -  a  guantltj  of  norsal  cable  seters  of  gas 
falling  in  the  slztare  on  1  kg  cf  solid  (or  liqaid)  propellant.  If 
the  aixtare  of  f aels/propellants  is  prescribed/assigned  not  by  weight 
cr  volase  fractions,  bat  in  the  shares  of  the  heat  release  of  each 
fael/propellant  q*  and  (1-q*),  their  correspending  weight  or  volase 
fractions  are  defined,  as  noted  above,  according  to  forsala  (2-11)  or 
(2-13). 

4- B.  Excess  air  ratio  and  suctions  in  the  bciler  aggregate/unit. 

4-13.  Excess  air  ratio  in  beating,  which  corresponds  to 
coapositlon  of  gases  at  the  end  of  heating,  is  accepted  on  EM 

5- 02-5-05  in  depending  ct  type  cf  cosbastion  systea  and  kind  of 
h’lraed  fael/propellant. 

'•  v«lwe  of  excess  air  ratio  in  separate  sections/cats  of  gas 
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circait  of  boilor  aggrcgato/aait  ia  detecalnad  by  aothod  of  addition 
of  axcass  air  ratio  in  taating  vitb  suctions  in  fluas, 
arranged/locatad  batwaan  haating  and  saction/cut  in  guest ion. 

Page  27. 

4-15.  Taluas  of  suctions  of  air  in  separata  alaaants  of  toiler 
Installation  should  ba  tskan  on  III  4-06. 

During  the  usa/ap plication  of  the  aore  advanced 
const met ions/de signs  of  the  anclosures/prot act ions  of  the  flues,  for 
which  axperiaentally  is  conficsed  the  decrease  of  the  value  of 
suction,  calculation  is  conducted  according  to  the  reduced  values. 

4-16.  During  deterainatioa  of  air  flow  rate  through  air 
preheater  are  considered  auctioas  in  heating  and  systea  of  pulverized 
coal  preparation. 

A  quantity  of  air  at  the  oetpot  froa  the  air  preheater,  referred 
to  theoretically  necessary,  is  detersined  frea  the  foranla 


at  the  entrance  (in  the  absence  of  recirculation) 
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at  th«  entrance  (In  the  absence  ot  recirculation) 

where  ~  suction  in  the  fnrnace  chanber/caiera;  it  is  accepted  on 
RR4-06: 


suction  in  the  systea  of  pnlwerizad  coal  preparation, 
deteralned  according  to  the  data  of  the  calculation  of 
dust'preparatory  Installaticn  in  accordance  with  p.  4-17,  and  in  the 
absence  of  this  calculation  -  on  the  average  data,  given  of  '1^4-07; 

.  overflow  of  air  ficn  the  air  side  into  the  gas,  taken  to 
the  equal  to  the  suction  of  air  in  the  air  prahtatar. 

For  the  layer  and  aazut  beatings 

4.17.  For  calculating  guantity  of  air,  passing  through  air 
preheater,  during  deterainaticn  is  ccnsidarad  suction  in  closed 
systens  of  pulverized  ccal  preparation;  suction  in  extended 
dust-systeas  is  not  considerad. 
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In  th«  calcalatioBs  of  dast^praparatory  installation  ths  valna 
of  snctlon  Is  azprosaad  in  ths  fractions  ef  a  quantity  of  ths 
drying  agsnt.  For  obtaining  by  that  utilizsd  in  ths  thscnal  dsslgn  of 
ths  boilsr  aggragate/unit  of  ths  talus  of  suction,  szprssssd  in  ths 
fractions/portions  of  ths  thscrstically  nscsssaiy  quantity  of  air, 

ths  talus  of  sucticc  is  ccuntsd  otsr  according  to  ths 
fornula 

As  k 

■“a-..,  -  .  (4-42) 

whscs  gt  ~  a  quantity  of  ths  drying  agsnt  on  1  kg  of  danp/cruds 
fusl/ props llant,  kg/ kg; 

Lo  ^  tslght  thsorstically  nscsssary  foe  ths  conbustion  quantity 
of  air,  kg/kg. 

In  ths  cass  of  ths  additits  of  cold  aic  in  ths  dust-pcepacatocy 
installation  ths  talus  cf  additits  conditionally  is  includsd  in  ths 
talus  of  suction  , 

4-18.  Slth  changss  cf  cosfficisnt  of  staporatlon  of 
aggrsgats/unlt  within  Halts  of  I00-75o/o  noainal  onss  sicsss  air 
ratio  in  hsating  nust  ho  supportsd  by  constant,  sgual  to  talus, 
Indicatsd  in  Hll  5-02-5-C5. 
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Rith  th«  co«fficl«at  of  •tafozatlon  of  aggragata/unit  D  lass 
than  75o/o  noainal,  tha  axcass  aix  ratio  in  tha  haating  can  ta 
datarainad  froa  tha  appzcxiaata  aguality 

=  -r  ,  (■•■O) 

whara  -  axcass  air  ratio  aith  tha  noainal  load. 

In  thosa  coabastica  systaas  ahara  floa  of  tha  bulk  of  air  is 
datarainad  not  only  by  tha  conditions  for  ccatustion,  but  also  by  tha 
conditions  of  tha  transfcrt  of  fual/propallant  (haating  of  Sharshnaa, 
shaft*  sill  haatiags,  ate.) ,  axcass  air  in  tha  haating  with  tha 
lowarad/raducad  coafficiaat  of  awaporation  shcnld  ba  salactad  taking 
into  account  this  fact. 

Tha  aaluas  of  suctiens  in  tha  conaectiaa  fluas  with  all  loads  cf 
aggragata/unit  ara  racaiwad  as  ccnstant/inwariabla  cnas. 
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Chapter  F1t« 

HEAT  BALAHCE  OP  BOILBB  ACOBB6AIB/OMIT. 

5-01.  Coapositlcn  ol  heat  balance  of  boiler  aggregate/unit 
consists  In  establishaent  of  egaality  between  acted  into 
aggregate/anit  quantity  cf  heat,  called  available  heat  and  sua  of 
usefully  absorbed  heat  and  heat  losses  Qz#  Qa,  Q«#  Qs  4°^  Q**  0° 
the  basis  of  heat  balance  are  calculated  the  efficiency  and  the 
necessary  fuel  coasoapticn. 

Heat  balance  la  coaprlsed  la  connection  with  the  steady  theraal 
condition  of  boiler  aggregate/uait  on  i  kg  cf  solid  ones  and  liquid 
and  1  na>  of  gaseous  fuels. 

General/coaaon/total  equation  of  the  heat  balance: 

OJ  —  Q|  +  C?J  +  Ql  +  ^  Os  -f  (Jt  » 

N.lfl  «A'0.I'N1I*.  (O'OI) 

Key:  <1).  kcal/kg  or  kcal/na*. 

5-02.  Available  heat  on  1  kg  cf  solid  or  liquid  or  on  1  na’ 
gaseous  fuel  <?;  is  deter  ained  fxos  for  aulas: 


.-•4  » 


OOC  *  80041102 


F4CB 

Q^-Q:  +  +Q^-Q. 

(<l  KKOA/tt: 

<3; f<},  <*•“> 

Key:  (1).  kcal/kg.  (2).  kcal/oa>. 

whara  of  and  (j‘  -  lowaat  kaat  oi  coabastlons  cf  vorking  mass  solid 
and  liquid  and  tha  dry  aass  of  gaaaons  foals,  kcal/kg  or  kcal/na*. 

Paga  28. 

5-03.  Haat,  introdocad  with  aatarlng  bcilar  aggcagata/unit  air, 
daring  prahaating  of  lattar  oat  of  aggragata/onit  by  choica  vapor,  by 
wasta  haat  and  tha  lika  is  dataraiaad  frca  tc  foraala 

(»j 

<?....  -**'1(0' -'J.i  **«•''*» 

H.IH  kkoMhm*,  (j-03) 

Kay:  (1).  kcal/kg  or  kcal/na*. 

whara  8*  *  ratio  of  a  quantity  cf  air  at  tha  antranca  into  tha  boilar 
aggragata/onit  to  thaoratically  nacassary;  (O  nod  -  anthalpy  of 
tha  thaoratically  nacassary  gnantity  of  sir  at  tha  antranca  into  tha 
boilar  aggragata/onit  and  tha  ccld  air:  thay  art  datarninad  by  an  I»- 
tabla  (BR  4-05),  kcal/kg  or  kcal/na*.  Tha  taaparatora  of  cold  air  in 
tha  absanca  of  spacial  indications  takas  as  tha  aqoal  to  30<*C. 


1 
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5>04.  Physical  haat  of  fu«l/prop«llant  w.  is  designed  fros  to 
for so la 


io 

KKO.tlKZ  HflH  KKOAIhM^. 


Key:  (1).  kcal/kg  or  kcal/na>. 

where  •  heat  capacity  of  prcpellant,  deterained,  on  RM  3-01, 
kcal/hg  <i^3  or  kcal/na^  deg;  -  teaperature  of  fuel/propellant, 
«C. 


The  physical  heat  of  f uel/prcpellant  is  considered  when  it  is 
preliainarily  heated  dne  to  the  extraneoos  source  of  heat  (steaa 
preheating  of  petrolena  residue,  steaa  desiccators,  etc.),  and  also 
with  the  drying  of  f uel/propellaat  on  the  eitended  cycle  when 
teaperature  and  huaiditj  of  f uel/propellant  should  be  accepted  doe  to 
its  state  before  the  heating.  In  the  absence  of  extraneous  preheating 
physical  heat  is  considered  cnly  fcr  the  f uels/pxopellants  with  the 
hoaidlty 


In  this  case  the  teaperature  cf  f uel/propellant  is  accepted 
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Jaring  the  calcolatioa  of  aggcegate/anit  with  the 
dost-prepacatory  aystea«  which  works  on  the  closed  cycle,  preheating 
fuel/ pro pell ant  and  its  drying  separately  are  net  considered. 


In  those  of  the  case  when  into  the  boiler  aggregate/unit  is 
supplied  the  congealing  fuel/propellant  (which  aust  be  specially 
stipulated  in  the  assign aent) ,  frea  they  ace  cf  a  sire  the  available 
heat  it  is  sobtcacted  the  heat  consnaption,  spent  on  the  thawing  out 


■«?„.  -  0.8(  —  IT* 

\  100  - 


—  wf 
r“ 


(u 

KKaA\K7, 


(5-04) 


Key:  (1).  kcal/kg. 


where  vo  and  xe'  ~  aoisture  ccstent  general/coaaon/total  to  the 
working  aass  and  in  the  alr~dri<d  fuel/pcopellant,  o/o. 


5-05.  Heat,  introduced  into  aggregate/unit  with  steaa  blasting 
("injection"  vapor),  g,  is  deterained  frea  to  foraula 

Qf  “  C,  (*,  —  000)  K^A  KZ.  (5-05) 

Key:  (1).  kcal/kg. 


where  and  v  -  ezpenditure/ccasuaption  and  enthalpy  is  steaa  that 
proceeds  with  blasting  cr  fuel  atcaizaticn,  kg/kg  and  kcal/kg. 
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Ezpenditure/consaiftlon  of  staaa  is  accepted  on  the  indications 
p.  16  of  appendix  T. 


5-06. 

of  schists. 


Heat,  spent  on  expansics  of  carbonates  daring  coebustion 
<?.  is  deternined  frea  to  foranla 


Key:  (1).  kcal/kg. 


The  coefficient  of  the  expansion  of  carbenates  k  is  accepted  on 
p.  4-11. 

5-07.  Heat  losses  in  boiler  aggregate/unit  it  is  accepted  to 
express  by  relative  percents: 

Qi 

The  heat  loss  with  the  stack  gases  is  defined  as  the  difference 
between  the  enthalpy  of  coabssticn  products  at  the  entpat  frea  the 
latter/last  surface  of  heating  boiler  aggregate/unit  and  the  enthalpy 
of  the  cold  air: 

Qi 

a., -v.O ("»-<»«)  . 

- - - -  --..(a-OO) 

'  P 

ly,  -  enthalpy  of  stack  gases  at  appropriate  excess  air  and 
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teaperatare  kcal/kg  cz  kcal/aa’:  /;,  -  enthalpy  of  the 
theocetically  necessary  quantity  of  air  at  teaperature  of  cold  air, 
deterained  in  accordance  aith  p.  S>03,  kcal/kg  or  kcal/na^,  -  a 
heat  loss  froa  the  aechanical  incoapleteness  of  coabustion,  c/o,  it 
is  deterained  on  p.  S-09. 

During  the  installation  of  the  built-in  ash  catcher  to  value 
in  foraula  (5-06)  is  added  the  aeaber,  who  considers  the  additional 
heat  loss,  called  by  the  reaowal/distance  of  ash  at  elevated 
teaperatures: 

KKa.t'Kf, 

Key:  (1).  kcal/kg. 

where  -  efficiency  of  ash  catcher,  taken  on  p.  4-07, o/o. 

5-08.  Heat  loss  frca  cheaical  incoapleteness  of  coabustion 
7,»^.ioo./.  is  deterained  by  total  heat  of  coabustion  of  products  of 
incoaplete  coabustion,  which  re  lain  in  stack  gases. 

?altte  qj  for  different  fuels/propellants  and  coabustion  systeas 
is  accepted  on  BN  5-02-5-05. 


5-09.  Heat  loss  frca  aechanical  incoapleteness  of  coabustion 
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dateriines  by  Incoaplata  barning  of  f oel/propellant  in  slags, 
failare/dip/troagh  and  ascaps  (vith  partial  return  of  latter  into 
heating  is  considered  cnly  escape,  not  recovered  by  devices  for 
return) . 


Page  29. 


Value  q4  is  designed  free  the  foraula 


•100  = 


100— r 


~  +*3 


ym 


loo— r 


ye  j 


SOOA^ 


(5-07) 


where  and  j,.  -  share  of  the  ash  of  fuel/propellant  in  the  slag 

and  fa  11  ure/d ip/trough  and  escape;  and  r^.-  content  of  fuels  in 

the  slag  and  failure/dip/trough  and  escape,  o/c:  -  ash  content  tc 

the  working  eass  of  fuel/propellant,  o/o. 


In  R8  5~02  and  S-OS  are  given  values  for  the  chasber  furnaces 
with  the  dry  and  liquid  slag  reaoval.  In  RR  5-03  and  5-04  are  given 
values  a  and  ^  for  the  layer  heatings  and  corresponding  to  then 
values  q^.  For  the  nor eel  conditions  of  planning  it  should  be  used 
tabular  values  of  q^.  In  the  case  of  considerable  deviation  froa  the 
tabular  ash  content  during  the  coabustion  in  the  layer  heatings,  and 
also  in  the  presence  of  the  reliable  experiiental  data  about  values  a 
and  r  for  the  specific  constructiens/designs  of  layer  and  chaeber 
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farnacAs  and  prascclbad/assignad  Soels/propallants,  la  calculated 
froa  focaula  (5-07). 

5-10.  Heat  loss  frca  external  cooling  q,  for  stationary  boiler 
aggregates/anits  is  accepted  on  carves  vs  oi. 

Sith  the  loads*  which  differ  froa  noainal  it  is  aore  than  by 
250/0,  value  g^  is  counted  over  according  tc  the  foraula 

The  heat  loss  froa  the  external  cooling  of  the  systea  of 
pulverized  coal  preparation  is  saall;  it  is  te  a  considerable  extent 
coapensated  by  the  arrival  of  the  heat,  which  separates  with  the  work 
of  allls,  and  therefore  it  is  net  considered. 

The  laying  out  of  the  beat  loss  froa  the  external  cooling  on  the 

separate  flues  virtually  does  net  affect  the  results  of  calculation. 

The  fractions  of  this  loss,  which  fall  tc  the  separate  flues,  for  the 

slapliflcation  are  received  as  the  proportional  to  the  quantities  of 

flues.  Therefore,  losses  fror.  external 
heat,  loosened  by  gases  in  appropriate^  cooling  they  are  considered 

by  introduction  to  foraala  for  deteralning  the  heat,  returned  by 

gases  of  the  heating  sarface,  the  coefficient  of  the 

retention/preservation/aalntaioing  the  heat  «,  deterained  according 

to  the  fornula 
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Its 

100- 


(5-09) 


5-11.  Loss  with  phjslcal  bsat  of  slags  is  Intcoducsd  into 

calcalatlon  for  all  faals/propallants  during  chaaber  coabasticn  uith 
liquid  slag  reaoval  and  layar  ccabnstion.  During  th«  chaaber 
coabustion  with  dry  slag  reaoval  it  is  considered  only  when 


The  heat  loss  is  dcteraioed  froa  the  fcriala 


‘'t.. 


<?; 


(S-10) 


where  <1..  - 1 -0.,  for  the  chaaber  furnaces  is  deterained  on  value 
conforaity  with  the  indications  p.  4-07,  and  for  the  layer  heatings 
it  takes  as  the  equal  to  values  led  in  SR  5-03  and  5-04;  (et)., 

-  enthalpy  of  slags,  deterained  on  RR  4-04,  kcal/kg. 


The  teaperature  of  slags  with  the  dry  slag  reaoval  takes  as  the 
equal  to  600^C,  and  with  the  liquid  slag  reacval  -  the  teaperature  of 
the  fluid  state  of  ash  tj  plus  cf  lOO^C. 

Daring  the  layer  ccabustios  of  schists  instead  of  a'  is 
substituted  value  ,1'' ^  0.5  The  content  of  carbonic  acid  of 

carbonates  ^coi);  is  given  in  RR  1-01  by  second  tern  in  graph/count 
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Daring  the  chaebec  coefcnstioa  of  schists  the  correction  into  value 
for  the  content  of  carbonic  acid  of  carbonates  is  not  introduced. 

S-12.  Heat  loss  tc  cooling  of  not  connected  with  circulation  of 
boiler  panels  and  beans/gullies  in  the  absence  of  special 
indications  is  deter lined  fzcn  foriula 

or  approxiiatel^ 

I00.|0»w„. 

^ - 100*/..  (o-ll) 

where  -  bean*receiving  surface  of  beais/gullles  and  panels,  ■<, 
for  latter  is  allowed  cnl;  lateral  converted  into  heating  surface; 

*  fullAotal/coaplete  guantit;  of  heat,  usefully  returned  in 
boiler  aggregate/unlt,  kcal/h,  it  is  deteriined  on  p.  5>14. 

5-13.  Total  heat  less  in  bciler  aggregate/unit 

—  ft  +  ‘^3  + 

(5-12) 

Efficiency  of  boiler  aggregate/unit  (gross  weight) 

Va“ (5-13) 
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5-14.  General/coiacn/total  axpressicn  for  fall/total/coaflete 
quantity  of  boat,  usafully  xatutaad  in  bcilaz  aqgregata/unit,  takes 
fora: 

9»*  «  "  #)  + 

+  0«ll.  «  —  '«,«)  +  Q«i*  KKOAlHof,  ' 

(5-14) 


Key:  (1).  kcal/h 

where  kg/h  a  quantity  of  aaaofactured  superheated  steaa  (during 
the  consuaption/production/generation  only  of  superheated  steaa,  that 
aost  frequently  it  is  encountered,  d„,  equal  to  the  coefficient  of 
evaporation  of  aggregate/unit  0)  the  enthalpy  of  superheated  steaa 
>n„  kcal/kg  is  deterained  by  pressure  and  teaperature  in  steaa 
turbine  throttle  on  the  tables  cf  appendix  II; 

kg/h  '  quantity  of  saturated  steaa,  returned  besides  the 
superheater,  with  enthalpy  kcal/kg,  deterained  cn  the  pressure  in 
the  boiler  barrel; 

kg/h  -  expenditure  of  water  for  the  blasting  of  boiler  (for 


the  direct-flow/raajet  separator  bciler-  blasting  of  separator)  with 
the  enthalpy  of  boiling  kcal/kg,  deterained  on  the  pressure  in 
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the  dcaa  (separator)  of  the  toiler; 

‘V.  -  heat  content  cf  feed  water  on  entrance  into  the 
aggregate/unitf  kcal/kg; 

kg/h  -  flow  cate  of  steae  throngh  the  secondary 
snperheater  with  the  initial  of  enthalpy  kcal/kg  and  final  C  „ 
kcal/kg; 

-  heat  absorpticn  of  the  water  cc  air,  preheated  in  the 
boiler  aggregate /unit  and  loosened  to  the  side*  kcal/h. 

iith  the  assigned  aagnitade  of  blasting  less  than  2o/o  beat 
consa option  per  preheating  of  blowoff  water  are  net  considered. 

5>15.  consnaption  of  fuel*  supplied  to  heating,  is  deteralned 
frcB  to  foraula 

»  <?. .  oj 

- 100  rf/¥ac.  (S-lTi) 

Key:  (1).  kg/h. 

In  the  case  of  coabasting  the  aixtace  of  two  unifora  (for 
exaaple,  solid)  fnels/propellants  according  tc  foraula  (5-15)  is 
deteralned  total  consnaption  of  both  fuels/picpellants^  The 
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consttsption  of  each  fael  is  detecained  on  the  relationship/catio  of 
quantities  of  both  f uela/propellasts  accepted  (see  sections  2**20  and 
2-21)  . 

In  the  case  of  coabasting  the  nixture  solid  (liquid)  and  gaseous 
fuels  according  to  for aula  (5-15)  is  deter aincd  the  consuapticn  of 
solid  (liquid)  propellant.  The  consuapticn  of  gaseous  fuel  is 
deterained  on  the  relaticnahip/ratio  of  quantity  of  both 
fuels/propellants  accepted  (see  Section  2-22) . 


The  flow  rate  of 
aggreqate/unit  during 
drying  by  stack  gases 
froa  the  foraulas: 


propellant  and  efficiency  of  boiler 
the  calculation  for  working  fuel  in 
according  to  the  extended  cycle  are 


the  case  of 
detecained 


100— w''  LO 

8^  B'  —rzz — : Kil’ittc-. 


100  — W' 


% 


B-Qi 

BQ' 


(5-l6> 

(5-in 


Key:  (1).  kg/h. 


where  the  designations  with  the  prise  relate  to  the  latter 
fnel/pco pell ant.  and  without  the  prise  -  to  the  working  (daap/ccude) 
fuel/ pro pell ant.  During  deteraiaation  v.  into  value  q«  conditionally 
is  introduced  the  loss  with  the  escape  of  dust  froa  the  dust  catcher. 
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5-16.  For  detocBiniag  total  voIums  of  ccabastlon  products  sad 
air,  which  pass  froa  aatira  boilar  aggragata/uait,  and  iacludad  in 
than  quantities  of  heat  calculated  foal  consuaption  is  datarnined 
taking  into  account  nachanical  inccapletenass  of  coabustion  according 
to  foranla 


Raj:  (1)  kg/h. 


(5-l8> 


where  B  -  real  consuaption  of  fuel,  which  enters  the  boilar 
aggregata/unit,  calculated  according  to  foranla  (5-15),  kg/h. 

Subsequentlj  into  all  foraolas  for  deteraining  of  total  woloaes 
and  quantities  of  beat  is  substituted  waloe  a,,  while  into  the  values 
of  specific  voluaes  and  entbalpj  correction  fcr  the  aechanical 
incoapleteness  of  coabustion  is  not  introduced. 


The  calculation  of  the  sjstaa  of  pulverized  coal  preparation  and 
fuel  feed  is  conducted  according  to  the  actual  consuaption  of  fuel  B, 
the  calculation  of  thrust/rod  acd  blasting  -  according  to  the 
calculated  consuapticn  of  fuel  ^p- 
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Chapter  Six 

CALCOLATIOR  OP  HEAT  BZCBAMG8  IB  BBitlNG. 

O-OI.  Calcalatioa  is  baaad  on  applications  of  theory  of 
sisilarity  to  barning  processes.  Calculation  forsnlas  link  the 
transsltted  in  the  heating  guastity  of  heat  9.  kcal/kg  and  a 
dlaensionless  oatlet  teaferataca  fcoa  heating  with  the  basic 
criteria  of  siailarlty  of  the  baraing  process:  fcy  Boltzaann's 
criterion  bo.  with  absorption  strength  by  cheaical  criterion  n  and 
by  geoaetric  characteristics  <■  and  p. 

6-02.  Initial  for  calculation  heat  transfer  in  heatings  is 
foraula,  which  is  detersining  diseosionlcss  outlet  teaperature  froa 
heating: 

•"  -  _  go"  * 

r,  O.MSa'i*  +  flo"'*  • 

suitable  for  values  ozC<0’'>- 

For  the  pneuaatic  heatings  of  Shershnev  with  the  shielded 
ejector  funnels  and  the  anthracitic  layer  heatings  in  foraula  (6-01) 
the  coefficient  when  instead  of  0.445  takes  as  the  equal  to  0.54. 


.  * 
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H0ce  <‘m  •  eaisalvitj  factor  of  the  heating; 

-  absolute  teapecatnce  of  gases  at  the  output  froa  the  heating, 

®K; 


-  absolute  theoretical  taapecature  of  ccab nation,  conditionally 
taken  the  equal  teaperatcce  which  would  take  place  with  the  adiabatic 
coabttstlon, 

Page  11. 

Theoretical  teaperature  ^  ^ ®C  is  deterainad  on  the  useful 
heat  release  in  heating  kcal/kg,  the  equal  enthalpy  of  coafcusticn 
products  la  kcal/kg  with  teaperature  and  excess  air  at  the  end  of 
heating  v 


6-03.  Boltzaann's  cxiterios  Bo  is  calculated  according  to 
foraula 

where  a,  -  calculated  fuel  coasuaption,  detaraincd  according  to 
foraula  (5-18),  kg/h; 

;  -  conditional  contaainatioo  factor  cf  beaa-receiTing  surfaces: 
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>  beaB-recaiving  haatlng  sazface  indications  regarding  which  ace 
given  in  p.  6-15,  a>: 

<.9.io-*  _  kcal/a2  honr  •»♦  -  radiation  coefficient  of  blackbody; 

avecage/aean  total  heat  capacity  cf  pzcdocts  of  coabustion  i 
kg  of  fuel/propellant  in  range  cf  teaperatares  kcal/kg  deg; 

f -  coefficient  of  reteoticn/pcesecwation/aaintaining  heat, 
deterained  according  tc  foraula  (S-09) . 

6-04.  For  practical  calculations  ace  applied  following  foraulas. 


If  is  prescribed/assigned  the  teaperatuce  of  gases  at  the  output 
froa  the  heating,  then  the  beaa-raceiwing  surface  is  designed  froa 
the  foraula 


If  the  assigned  aagsitude  cf  the  beaa-receiTing  heating  surface, 
then  the  teapecature  of  gases  at  the  yield  fees  the  heating  is 
deterained  according  te  the  foraula 
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"  “  /  1.27.  \0-'V1,a„Tl 

(0-M) 

Daring  th«  calcalatloa  of  tba  pnauaatlc  heatings  of  shershnev 
with  the  shielded  ejectcx  funnels  and  anthracitic  layer  heatings 
nuserical  coefficients  take  as  egual  ones  in  forsola  (6-03)  0.60«10* 
and  in  foraala  (6-04)  1.70«10~«. 


For  all  heatings  whose  calculation  is  prcdoced  without  a  change 
of  the  coefficients  in  fcraulas  (6-03)  and  (6-04) ,  values  o;’  and 
can  be  detarsined  according  to  nosograa  1. 


6-05.  Average/aean  total  heat  capacity  of  products  of  cosbusticn 
1  kg  of  fuel/propellant 


Key:  (1)  .  kcal/kg  deg. 


Oj 

HKtt.tlKi  zpad. 


(6-05) 


where  C  -  enthalpy  of  the  products  of  the  cosbustion  1  kg  of 
fuel/propellant  with  teapecatare  and  excess  air  at  the  and  of 
heating  v  kcal/kg. 

6-06.  Oseful  heat  release  la  beating 
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+  <3.  -  Q,.  ,.m  +  om6  KKBMKZ.  (6-06) 


K«7:  (1).  kcal/kg. 

«h€r«  'i'r  ~  available  heat  of  fuel/ propellant,  coapntad  froa  feraula 
(5-02) ,  kcal/kg; 

q,  and  g«  -  heat  loss  fxca  the  chealcal  incoapleteness  of  coabostion, 
with  the  physical  heat  cf  slags  and  the  cooling  vatec,  o/o; 

Q«  -  heat,  introduced  into  the  heating  by  air,  kcal/kg: 

<3.  -  (•„  -  y)  /J" 

+  (i»„  +  ll»,,  J,)  ,  kKOA,  Xf.  (6-0*) 

Key:  (1).  kcal/kg. 

The  values  of  suctions  and  ,  are  deterained  on  p.  4-16, 
and  the  enthalpy  of  the  theoretically  necessary  quantity  of  air  at  an 
outlet  teaperature  froa  air  preheater  /°''  kcal/kg  and  cold  air 
kcal/kg  are  accepted  on  3^ ,  the  table  (BR  4-05); 

Q,  .-m  -  heat,  introduced  with  the  entering  the  aggregate/unit  air 
during  its  preheating  cut  of  the  aggregate/unit  (sea  Section  5-03) , 
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kcal/kg; 


heat  of  the  recirculating  gases,  considered  only  In  the 
case  of  return  into  the  heating  of  part  cf  the  gas,  selected  fron  the 
subseguent  flues  (but  not  of  the  heating)  (see  Section  4-10)  Iccal/kg. 


6-07.  Quantity  of  heat,  transaltt?!  in  heating  on  1  kg  of 
foe 1/propellant 


—  /^' )  KKaxjK!.  (6-08) 


Key:  (1).  kcal/kg. 

6-08.  Conditional  ccntaalnaticn  factor  of  bean-receiving 
surfaces,  which  coosldera  reduction  in  heat  afcsorption  doe  tc 
pollutlon/contanination  cr  coverage  as  insulaticn/isolation  of 
surfaces,  is  received  cn  table. 


I 


DOC  >  800«1102 


PASS 
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Oi 

Thh  3KpaHa  B 

pea  TonsMSa 

^4^cao»Nua 

KOkfpd'MUMCBT 

aarpaseeBee  C 

Otk^twc 

raaooCp.ia- 

1.00 

r;iaaKOTpy‘''Hwe 

Hoe  ron.iHBo 
OVKM.iRoe  Ton- 

H  njiaoKKKOBwe 

0.90 

axpaiiu  K  8Kpa* 

.IHBO  H  TBFp-  j 

HU  c  qyryHiiU' 

not  TonnHfio,  > 

UU  nAHTaMN 

cmiiraeMoe  a 
c.Toe 

(7) 

'OTaepnoe  ron- 
^  aMBo  rrpM  xa- 

MCpdOM  CMCK- 

0.70 

raHHM^ ' 

3au)HnoB0Hifue  sKpaHUi  no-  j 

0,20 

Kpurue  xpoMHTOsoA  o6Ma3KOA 

SRpaHU,  aanpuTue  uiauoTHUu 
KHpn!t<IOM 

O.JO 

Key:  <1)  .  Type  of  shield  and  kind  cf  fnel/pcopellant.  (20. 
Conditional  contaninat icn  factoc.  (3).  open  plain-tube  and  fin 
shields  and  shields  with  cast  iron  plate s/s labs.  (4).  Gaseous  fuel. 
(5).  Liquid  propellant  and  sclid  fuel,  burned  in  layer.  (6).  Solid 
fuel  daring  chaeber  cosbasticn  *. 


POOTKOTE  *.  The  ose/application  of  efficient  blasting,  included  every 
shift,  raises  (according  to  Aaerican  data)  tc  0.75.  ERDFOCTNOTE. 


(7).  studded  shields,  covered  uith  chroeite  greasing.  (8).  Shields, 
closed  with  fire  brick. 


Page  32. 


For  the  conbined  heatings  (gas-oil  or  powder-gas)  conditional 
contaaination  factor  should  be  selected  on  that  fuel/propellant  for 
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which  it  has  saaller  wains. 


For  torch-  laysc  hsatiags  with  ths  coabastion  of  fas 1/props 11 ant 
partially  in  the  layer  and  partially  in  the  cbanbsr/caaera  is 
recoaaended  conditional  contasination  factor  to  accept  the  sane  as 
for  the  layer  conbosticn. 


6-09.  Baissiwity  factor  of  heating  daring  ewen  distribution  of 
shields  according  to  its  walls  is  deterained  by  general  foraala: 


««•“  I  —  (I  -  -  V 


(6-09) 


where  <>^  -  efficient  eaissiwity  factor  of  flaae: 


V  -  degree  of  shielding  of  beating: 

H, 

(6-10«) 

'’cm  -  f ullAotal/coaplete  surface  of  walls  of  beating  (see  section 
6-14)  ,  a*; 


H  -  area  of  airror  cf  ccabustion  of  layer  cf  f uel/propellant, 
situated  on  fire  grate*  b<; 

p  -  relationship/ratio  between  surface  cf  airror  of  coabastion 
and  beaa-receiwlng  surface: 
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f  —  TT-;  (6-11) 

'*.1 

0.82  valae  of  absorptivity  cf  bea  a>racaiving  heating  surface 
accepted. 

Value  H,  is  deterained  on  the  indications  p.  6>15. 

In  the  absence  of  burning  radiation  layer  focaula  (6-09)  takes 
the  fora: 


0.82fl^ 


(6-12) 


and  the  degree  of  shielding  v  passes  into  the  degree  of  the 
shielding  of  the  chaaber  furnaces: 

ff,  Ir 

(6-10(^) 

^em  ^ 

when,  in  the  layer  or  chaabec  furnaces,  the  bea i-receiving  surfaces 
are  present,  with  the  different  values  of  conditional  contaainatioo 
factor  '  one  should  deteraine 

..  ifw.) 

♦> - (6-10,) 

According  to  foraula  (6-12)  is  constructed  that  led  in  BR  of 
6-02  graphs/curves  for  deteraining  eaissivity  factor  of  chaaber 


furnaces 
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(6-12)  is  asad  fci  calculating  ealssivlty  factor  of  tha 
chaabar  furnaces.  In  uhicb  tfcay  are  shialdad  eore  than  two  planas, 
which  liait  heating. 

If  the  beaa-racelTing  surface  is  arranged/ located  only  in  by 
output  saction/cut  of  chaabar  furnace  or  occupies  exit  section  and 
one  of  the  walls,  then  eaissivity  factor  of  heating  is  designed 
according  to  the  foraula 


of  obtained  under  the  assuaptios  about  positicn  of  all  screen 
surfaces  on  one  wall  heating. 

Eaissiwity  factor  of  the  layer  »  f laae-layered  heatings 
calculated  according  tc  fcraula  (6-09) . 

6.10.  Efficient  eaissivity  factor  of  flaae  "«  depends  on 
eaissivity  factor  of  furnace  aediua  a,  degree  of  filling  of  heating 
with  luainous  flaae  and  character  cf  teaperature  field  of  heating. 

Eaissivity  factor  o*.  the  furnace  aediua 


.1-1  (6-14) 


-**4.’,  a- 
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Hh€£e  e  -  a  Nap«clan  basa: 

k  -  coefficient  of  neakenicg  rajs/beaes  by  the  furnace  nediua: 

p  -  pressure  in  heating,  ata(abs.);  for  the  boilers,  which  work 
without  the  supercharging/pressurization,  the  pressure  in  the  heating 
is  received  equal  to  1  ata(ab8. ); 

s  -  efficient  thickness  of  radiation  layer  (see  Section  6-12), 

a. 


According  to  foraula  (6-14)  is  constructed  the  auxiliary  graph 
cf  noBograa  XI  for  deteraining  eaissivity  factor  of  nediua. 

The  effect  of  the  degree  of  the  filling  of  heating  with  luainous 
flaae  and  character  of  tcapexatuze  field  to  efficient  eaissivity 
factor  of  flaae  is  considered  by  correcticn  factor  8. 

Efficient  eaissivity  factor  cf  the  flaae 

(6- IS) 

Coefficient  p  depends  on  the  fora  of  flaae  which  in  turn,  is 
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deteraiaed  by  tbe  kind  of  £u«l/pcopellant  and  by  th«  aathod  of  its 
coabustion. 

Are  distiogolahad  thcsa  focas  of  tha  flaae: 

a)  the  nonlaalnoas  flaae«  ahich  is  obtained  daring  the 
coabustion  of  gaseous  fuels  and  also  the  layer  and  flaae-  layer 
coabustion  of  anthracite  and  lean  carbon/coals; 

b)  the  full  heat,  ahich  is  obtained  daring  the  chaaber 
coabustion  of  anthracite  and  lean  coal; 

c)  the  lualnous  flaae,  vbich  is  obtained  with  coabustion  of 
liquid  propellants  *  and  solid  foals,  rich  in  volatile  coaponents. 

FOOTHOTB  Osually  during  the  coabustion  of  gas  in  the  heatings  of 
steaa  boilers  flaae  noting  gloa.  only  soietiaes  of  coabusting  rich  in' 
hydrocarbons  gas  is  foraed  the  gloving  sooty  flaae  whose 
radlation/enisslon  corresponds  to  the  radiaticn/enission  of  lualnous 
flaae  of  liquid  propellants. 

Daring  coabustion  of  petroleua  residue  with  very  low  theraal  loads 
(^«3s-io<  iccal/a’  hour)  lualnous  flaae  occupies  very  snail  part  of 

furnace  cavity.  Therefcre  the  total  radiation  of  flaae  in  the  case  in 
guestion  differs  little  fron  the  radiaticn/enission  of  nonluainous 
flaae.  EHDFOOTHOTB. 
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ValiMS  8  ar«  salactad  ca  thm  tatla. 


CO 

Bha  nsSMCHN 

$ 

(HecB«TinueecA  . >  4  • 

l.OQ 

CaeTnmeecA  whakhx  ronjiHo  .  , 

0,75 

CaeTsuiefCN  h  nojiycneTsuieeca  raap* 
.itgx  roRAMB . . 

0.65 

Key:  (1).  Fora  of  flaaa.  (2).  Motiag  glow.  (3).  Glowing  of  liqaid 
propellants.  (4) .  Glowicg  and  saailaainoas  solid  fuels. 

Page  33. 

During  the  coabusticn  of  the  aizture  of  the  fuels/propellants, 
which  hawe  different  lualnous  density  of  flane,  efficient  enissivity 
factor  of  flane  is  designed  for  the  fuel/propellant,  characterized  by 
the  larger  luainous  density  of  flane. 

6-11.  Coefficient  cl  weakening  rays/beans  by  furnace  aediun  k  is 
designed  at  outlet  teapezature  froa  heating. 

a)  for  the  nonlualncua  flane  it  takes  as  the  equal  to  the 
coefficient  of  weakening  rajs/beaan  by  the  triatonic  gases: 


0.8+  I 


Vl’: 


_  -0.18, 000 


(6.16) 


where  the  total  wolune  ixactica  of  the  trlatciic  gases 
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▼oXaB«  fractions  H2O  and  BO,  aca  dctarainad  on  BB  4-01; 


the  total  partial  pres ante  of  triatoaic  gass 


(o 

fn-P'H  «'"«• 

Key:  (1).  atn(abs.). 

For  the  boilers,  nhich  work  without  the 
sapercharglng/pressorlxatlon,  partial  prassare  is  naaerlcally  equal 
to  Toluae  fraction. 


Value  can  be  datarained  according  tc  nonograa  IX. 


b)  for  the  full  heat  waloe  k  takes  as  the  equal  to  the 
coefficient  of  veakaning  rays/baaas  by  triatcwic  gases  and 
incandescent  ash  particles: 


o.n  4- r”  \  */^  I 

» -  */,  +  -  <>•“  TSijoj  ^  y  • 


(6-17) 


where  -  the  naan  effective  diaaater  of  the  particles  of  the  ash 
(see  Section  7-36),  nkn; 
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it  ~  ash  concsatratica  in  the  ilae  gases  vith  the  excess  aic  at 
the  end  of  the  heating#  detecsioed  on  p.  4-02#  g/ns’. 


Value  can  be  detctained  according  tc  nosograa  X. 


c)  for  the  Inainous  flaae  value  k  is  equal  to  the  coefficient  of 
ueakening  rajs/beass  by  the  sooty  particles: 

- O.S.  (6-I8) 

lOUU 

For  the  heatings  with  the  Inainous  flaae  (during  the  coabnstion 
of  liquid  propellants  and  solid  fuels#  rich  in  volatile  coaponents) 
vith  s>2. S  a  it  is  accepted  that  a«1#  and  values  k  deterained  aust 
not  be. 


6-12.  Efficient  thickness  of  radiation  layer  of  flaae  is 
deterained  fcoa  foraala 


$  — 


where  -  active  volnae  of  furnace  chaaber/caaera#  deterained  on  p. 
6-13#  a3; 


c-  f ullAotal/coaplete  surface  of  walls  ef  heating#  deterained  on 
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p.  6-1*,  ■*. 

6-13.  Sansitlve  voIuba  of  furnace  chanbei/caaeca  v'.  a’  is 
detecainad  in  accordance  aitb  diagraas  RR  6-03. 

By  the  boundacies/intecfaccs  of  sensitive  voluae  are  the  walls 
of  furnace  chaaber/caaera,  and  in  the  presence  of  shields  -  axial 
planes  of  screen  ducts  cx  converted  into  the  beating  surfaces  of 
insulating  or  protective  layer,  sensitive  voluae  is  Halted  also  to 

the  surface,  oassing  through  first  cun  of  pipes  of  boiler  bundle, 

[festoon] 

scallop/yor  screen  surfaces  <pos.  3  and  4  BR  6-03),  by  the  horizontal 
plane,  which  separates/liberatcs  the  lower  half  cold  funnel  (pos.  5) , 
by  the  surface  of  the  layer  of  fuel/propellant  or  by  the  ducts  of 
granulator  (pos.  8) . 

For  the  heatings  in  which  the  flane  is  developed  in  the  slag 
funnel,  for  ezaaple  heatings  with  an  inclined-horizontal  hearth  or 
heatings  of  Shershnev,  in  the  active  furnace  cavity  is  Included  the 
foll/total/coBplete  voluae  of  slag  funnel. 

In  accordance  with  the  deteraination  of  sensitive  voluae  for  the 
layer  heatings  froa  the  icluae,  bounded  below  by  the  plane  of  grate 
bar  fabric,  is  eliainated  the  vcluae  of  the  layer  of  f uel/pcopellant 
and  slag  whose  average/iean  thickness  takes  as  the  equal:  for  coals  - 
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150-200  for  the  broiia  coal  -  300  aa,  for  the  wood  chips  -  500  aa, 
for  the  peat  -  in  depending  on  the  position  of  the  beaa/gnlly,  which 
liaits  the  ontpat/yield  of  f ael/pccpellant  to  the  fabric  (pos.  of  7 
HI1  6-03)  . 

The  chaaber/caaera  batwean  tha  ducts  of  toiler  bundle  and  the 
front  wall  is  Included  in  the  woluae  of  heating  with  its  width  not 
less  than  0.5  a  (pos.  1  and  2). 

In  the  layer  heatings  the  wolnae  of  heating  is  liaited  to  the 
vertical  plane*  passing  through  the  ends  of  the  grate  bars*  scrapers 
of  clinker  arrester  or  aleaeats/cells  of  slag  backwater  (pos.  6) . 

6-14.  Pull/total/ccapleta  surface  of  walls  of  heating  /’em  n>  is 
calculated  froa  superficial  diaensions*  which  liait  sensitive  voluae 
of  furnace  chaaber/caaera  (EH  6-03). 

Page  34. 

In  the  presence  of  the  shield  of  bilateral  irradiation  to  actual 
area  of  walls  is  added  the  doubled  product  of  the  distance  between 
centers  of  boundary  tubes  of  this  shield  to  the  illuainated  length  of 
ducts. 


•  * 


I 


DOC  >  80041102  FA68 

6>1S.  B«as-t«cttivlag  saxfac*  of  heating  h,  ga  Is  defined  as  value 
of  continuous  plane  which  on  heat  xeception  is  equivalent  to  real 
uncontaainated  and  uncovered  screen  surface,  and  is  designed  froa 
for aula 

where  -  area  of  wall,  occupied  with  shield,  a*; 

X  -  angular  coefficient  of  shield. 

The  area  of  wall,  cccupied  with  shield,  ^<.4  is  defined  as  the 
product  of  the  distance  hetween  centers  cf*  boundary  tubes  of  thi.i 
shield  b  a  to  the  appropriate  illuainated  length  of  screen  ducts  1  a: 


The  illuainated  length  of  screen  ducts  ^  »  ia  Halted  to  the 
sane  Halts  to  which  is  Halted  the  considered  during  the  calculation 
of  the  sensitive  voluae  cf  furnace  chaaber/caaera  part  of  the  voluae 
of  heating. 

The  ae-chods  of  detexaining  the  illuninatad  length  of  ducts  for 
different  encountered  la  the  practice  cases  are  shown  in  BH  6-03. 

For  the  shield  of  bilateral  irradiation  it  is  accepted 
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FroB  value  are  alialnatad  unprotected  by  ducts  the  sections 
of  wall  If  the  area  of  each  of  tfaes  is  acre  than  1  a^. 

The  angular  coefficient  of  shield  x  is  defined  as  the  relation 
between  the  guantity  of  heat*  received  by  the  ducts  of  shield,  and  a 
quantity  of  heat  which  wculd  take  the  shielded  wall  if  it  was  the 
continuous  plane,  which  has  the  teaperature,  equal  to  the  teaperature 
of  screen  ducts. 

The  angular  coefficient  of  plain-tube  shields  in  depending  on 
their  stcuctural/design  characteristics  is  deterained  on  the  curves 
HH  6-02.  For  the  wall  shields  it  is  accepted  taking  into  account  the 
radiation/ealssion  of  bricking,  while  for  the  shields  of  bilateral 
irradiation  -  without  taking  into  account  the  radiat ion/e aission  of 
bricking. 

For  the  plain-tube  shields,  coaprisad  of  the  alternating  ducts 
of  different  dlaaeters,  the  angular  coefficients  of  entire  shield  z 
and  separately  the  ducts  of  the  snail  diaaeter  Zg  are  deterained  on 
Fig.  2c  RM  6-02.  In  this  case  the  beaa-recei ving  surface  of  entire 
shield  is  defined  as  product  b<,  and  the  keaa-receiving  surface 
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of  t4«  dacts  of  a  saall  dlaaatax  >  as  vhare  -  araa  of 

tha  entira  wall*  occaplad  with  shiald. 

for  tha  staddad  and  fin  shialds*  and  also  for  tha  shields* 
closed  with  cast  iron  platas/slahs*  angular  ccefficient  takes  as  tha 
equal  to  unit. 

For  the  surface*  passing  through  first  run  of  pipes  of  hciler 
bundle*  scallop  and  screens*  angular  coefficient  is  also  equal  to 
one.  During  the  calculation  of  the  subsequent  heating  surfaces  one 
should  consider  that  the  angular  coefficient  cf  bundle  itself  or 
scallop  can  be  less  than  the  unit  and  the  part  cf  the 
falling/incident  heat  is  passed  through  the  bundle  to 
arranged/ located  after  it  surface  cf  heating. 

The  angular  coefficient  of  double-rcw  bundle*  necessary  for 
calculating  a  quantity  cf  that  passing  through  the  bundle  of  heat*  is 
deter alned  on  curved  3  fig.  2b  BH  6-02. 

The  angular  coefficient  of  bundle  with  a  nuaber  of  series/rows 
z>2  approxlaately  Is  designed  frea  the  fcranla 

where  Z|*  ...*  angular  coefficients  of  separate  runs  cf 
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pipes,  deterained  in  caivcd  5  Fig.  2a  BM  6-02. 


In  the  presence  in  heating  bean-receiving  surfaces  vith  the 
different  values  of  conditional  contaaination  factor  into  foraulas 
(6-03)  and  (6-04)  instead  of  cHa  is  introduced  s(U/,.). 


6-16.  During  calculation  of  heatings,  which  wort  on  liquid 
propellant  vith  excess  air,  by  those  differing  significantly  fron 
noraal  ones  (%<  i.ic  or  >„>i.3s).  diaensionless  outlet  tenperature  froa 
heating  is  deterained  fzca  foraula 


(/7flo)°- 


u,4.i5o;;;«  +  (/78or 


(6-22) 


where  rt  -  cheaical  criterion,  which  considers  effect  of  excess  air 
ratio  %  on  teaperature  field  of  heating: 


6-17.  In  heatings  of  ship  steaa  boilers,  which  wort  on  liquid 
propellant  vltbout  supercharging/pzessurizaticn,  with  reduction  in 
boiler  steaa  capacity  due  to  cutof f/disccnnection  of  part  of 
injectors  deteriorates  filling  of  furnace  cavity  with  flaae.  In  this 
case  with  the  theraal  stresses  of  the  surface  of  the  walls  of  the 
furnace  chaaber/caaera 

(*■' 

-~<0.8  IC*  Kha.t.M^  tac  b  (6-01) 

’  ein 
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kcal/a^h  into  thn  foraula 


instead  of  coefficient  cf  0.445  should  be  introduced  the  variable 
coefficient  of  A,  deterained  according  tc  the  approziaation  foraula 


6-18.  In  pulverized-coal  ccabustors  with  tangential  burners 
change  in  angle  of  slope  of  burners  affects  filling  of  furnace  cavity 
with  flaae.  This  is  considered  in  the  calculations  by  the  replacenent 
of  coefficient  of  0. 44S  in  foraula  (6-01)  by  value  0.5  during  the 
rotation  of  burners  on  30o  downaard  even  0.4  -  during  the  rotation  on 
30^  upward  froa  the  horizontal  plane. 


Page  35. 


6-19.  If  necessary  tor  reficeaent  of  tberaal  loads  of 
beaa-recelvlng  surfaces  in  individual  sections  of  walls  of  heating 
(for  ezaaple,  for  calculating  of  radiatlcn  and  screen  superheaters, 
etc.)  thernal  load  is  deterained  froa  equality 

S  o. 

y  —y-ff —  IOC,  (6-25) 


Key:  (1).  kcal/ash 
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where  y  ~  variation  factor  of  heat  distribation  in  the  furnace 
chaaber/canera; 

^  '  average  theraal  load  cf  beaa>receiving  surfaces,  Iccal/a^h. 

”  j 

In  the  presence  in  heating  of  the  beaa*receiving  surfaces  with 
the  different  values  of  conditional  contaaination  factor  <  the 
theraal  load  is  deterained  frea  to  the  fcranla 

B  Q. 

Kej:  (1).  kcal/a^h 

where  c,,  -  conditional  centaaiosticn  factor  of  this  section. 

Value  7  is  accepted  on  the  basis  of  the  following  tentative 
cecoa  aend  ations. 

For  upper  fourth  of  all  walls  of  chaaber  furnaces  (counting  on 
the  overall  height  of  heating)  during  the  coafcustion  of  solid  fuels 
7*0.75,  for  upper  third  }*0.8;  for  ceiling  7*0.6. 


In  the  aazut  heatings  of  bcilers  with  D>12  t/h  with  the  theraal 

-.fsQ.crind  ''or  uooer  *'ourth  of  the  wplirs, 

stresses  of  voluae  <250*  1G>  kcal/a>h  for  ceilin^7*0. 6.  8lth  the 
higher  theraal  loads  of  furnace  chaaber/caaera  the  load  distribution 
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according  to  the  height  c£  heating  will  be  nore  anifora. 

The  distribution  of  theraal  leads  according  to  the  shields, 
arranged/located  on  th«  different  walls  c£  heating,  depends 
substantially  on  the  type  of  fuel/ propellant  and  conditions  of  the 
course  of  burning  process. 

Due  to  the  absence  of  reliable  experiaental  data  at  present  it 
is  possible  to  only  assuae  that  for  the  coapletely  slag  screened 
fireboxes  with  the  front  arrangeaent  of  burners  the  load  of  rear 
shield  200/0  by  approxlaately  exceeds  axerage,  and  the  load  of  front 
shields  can  coapose  6O-ICO0/0  of  average. 

Vith  the  tangential  burners  it  is  possible  to  expect  that  the 
distribution  of  theraal  loads  according  to  the  walls  of  heating 
approaches  unlfora. 

During  the  deflniticn  of  the  heat  absorption  of  separate  screen 
surfaces  should  be  considered  the  nonuniforaities  of  the  distribution 
of  theraal  loads  both  according  to  the  periaeter  and  according  to  the 
height  of  heating.  The  distribution  accepted  aust  be  checked, 
coaposing  the  balance  of  radiation  beat  absorption. 
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Chapter  Seven. 


ChICOLATlOII  OP  TRB  COIVICTIVI  BilTlNG  SOBPACZS. 


7- A.  aain  equations. 

7-01.  Pot  calcalatiog  convective  heating  sncface  are  used  tvo 
equations. 


Bquatlon  of  the  heat  exchange: 


kHM 

Q—  -jj—  KKa  i  ri. 


(7-Ot) 


Key:  (1).  kcal/kg. 


where  Q  -  the  heat,  taken  by  the  designed  by  surface  convection  and 
radiation  referred  to  1  kg  (as'*)  of  f uel/prcpellant ,  kcal/kg; 

k  -  coefficient  of  heat  transfer,  in  reference  to  the  calculated 
surface,  heating,  kcal/n<  hone  deg; 

R  -  calculated  heating  surface,  usually  taken  equal  surface  fron 
the  external  (gas)  side,  the  n^;  fer  the  tubular  air  preheaters  the 
heating  surface  Is  received  as  average  along  the  air  and  gas  sides; 
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for  th«  first  bandies  and  the  screen  superheaters,  which  obtain  heat 
by  radiat ion/e sission  fxca  the  furnace  chasbex/casera,  for  the 
calculated  heating  surface  is  accepted  the  difference  between  the 
full/total/cosplete  heating  surface  and  the  efficient  bean-receiving 
surface; 


at  -  teaperature  head,  ^C; 

~  calculated  consuspticn  of  fuel,  tg/h. 

7-02.  Equation  of  heat  balance,  in  which  are  equated  heat, 
returned  by  gases,  and  heat,  taken  by  vapor,  water  cr  air: 

f  (/'  —  /"  +  Q  KKttilHZ,  (7.02) 

Key:  (1).  kcal/kg. 

where  #  -  coefficient  of  the  cetention/pcesexvation/aaintaining  heat, 
which  considers  the  heat  losses  into  the  envixonaent  (RN  5-01); 

I*  and  I"  -  the  enthalpy  of  gases  on  the  entrance  into  the 
heating  surface  and  the  output  fxca  it,  kcal/kg; 

-  quantity  of  heat,  introduced  by  the  sucked  air,  kcal/kg: 
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Is  dstsrsinsd  cn  ">  ths  tabls; 

for  the  air  preheater  accordiag  to  aean  teaperature  of  the  air 


for  all  reaalalng  flues  -  accerding  to  the  teaperatnre  cf  cold 
air  <>..< 


Page  36. 

7*03.  Heat,  takea  fcp  heatiag  sedlaa,  Q  is  deterained  froa 
following  foraulas: 

for  snperheater 

D  ('■> 

Q  — KHaAlKZ  (7-03i> 


Key:  (1).  kcal/kg 

(here  froa  the  valae  of  heat  ahaception  is  conditionally  subtracted 
the  heat,  obtained  by  the  radiatioa/eaisaioa  froa  furnace,  u.. 
kcal/kg) ; 

for  the  econoalsec  and  the  transient  zona  of  single-'pess  boiler 
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n  (•> 

(J  —  -g-  (i"  —  i')  kkuaIkz,  (7-03fi) 


Ke;;  (1>  .  kcal/Xg 


where  D  -  conseeption  ct  steaa  (water)  through  designed  surface, 
kg/h; 


1"  and  1'  -  enthalpy  of  steaa  (water)  on  the  output  froa  the 
heating  surface  and  entrance  into  it,  kcal/kg. 

Por  the  superheater  a  drcp/juap  in  the  enthalpy  of  steaa  should 
be  accepted  taking  into  account  the  heat  absorption  of  the  steaa 
cooler  (for  greater  detail,  see  p*  8>39) . 

Por  the  air  preheater 

<3  -  ( -  C) 


Key:  (1).  kcal/kg 

where  -  ratio  of  a  guantity  of  air  at  the  output  froa  air  heater 
to  theoretically  necessary: 

C.  C  -  enthalpy  of  air,  thecretlcally  necessary  for  the 
coabustion,  with  the  outlet  teaperatures  frca  the  air  preheater  and 
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eatraoce  into  it,  kcal/kg: 

~  suction  of  air  in  tiis  air  prshaatsr,  taksn  to  the  equal  to 
leakage  froa  the  air  side. 

For  the  boiler  bundles  of  nonducted  boilers  the  equation  of  the 
heat  absorption  of  heating  eediea  is  absent. 

7-04.  If  designed  heating  surface  washes  by  incoaplete  quantity 
of  coabustlon  products  (parallel  ccanection  of  several 
eleaents/cells,  bypass  daaper  ccntrol,  bypass  floes  in  presence  of 
not  conpletely  dense  daapers,  etc.),  eqnatlcn  (7-02)  is  replaced  by 
following: 

Q  —  »  (*'  —  I”  +  )  g„  KKOA'Ilt.  (7-O.j) 


Key:  (1)  .  kcal/kg. 

where  g,  the  weight  share  of  the  gases,  passing  through  the  shunted 
bundle. 

fith  the  parallel  ccnnection  of  several  eleaents/cells  cr  open 


bypass  flues  it  is  deternined  froa  the  foraula 
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vhare  -  th«  cl«ar  opaoiog  of  bundle  (shunted  flue),  j 

F,  “  ti  calculated  fullj  clean  opening,  ■<. 

This  value  Is  detcnained  taking  into  acccunt  the 
celatlonshlp/ratlo  of  Eesisnances  of  parallel  gas  conduits. 

The  deter nlnation  cf  clear  openings  see  p.  7-18. 

0ith  the  double  dense  closed  disconnecting  danpers  in  bypass 
flues  (.  It  takes  as  the  egual  to  0.95,  vitb  the  single  daapers  - 
0.9. 

After  the  calculatlco  of  the  heating  surface  are  deterained  the 
enthalpy  and  the  teaperature  cf  the  aiztore  cf  nain  gas  flow  with  the 
part,  which  passed  besides  the  designed  heating  surface. 

Equation  of  shift 

, .  u/ 

'cM^‘  ('—*.)  +  /''(?,  KKGAlKt.  (7-07) 

Key:  (1).  kcal/kg. 

7-B.  THE  COEFFICIEHT  OF  BEAT  TBANSfER. 
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a)  basic  conditloB/fositioas. 

7>05.  Coafflciant  of  boat  traasfar  for  aoltilayer  flat/plana 
wall  is  exprassed  by  fcxaula 

1  C»  ,  ^ 

k  «-  -j - J - 1 - J - j*  KKOAfM*  HOC  tpaO. 

(7-08) 

Key:  (1)  .  kcal/a^h  dag. 

For  all  usually  anccuotarad  io  the  boiler  aggregatas/units 
plain-tuba  surfaces  it  ia  possifcla  to  use  this  foraula.  The  special 
faataras/paculiaritias «  which  relate  to  the  separate  types  of  the 
heating  surfaces,  are  shewn  belcw  in  paragraphs  7*^8-7-l4. 

at  and  as  -  heat-transfer  coefficients  froa  the  heating  aediua 
to  the  wall  and  froa  the  wall  tc  the  heating  aediua,  the  kcal/a^  hour 
deg; 


8  a  and  X  kcal/a  hour  deg  -  thickness  and  coefficients  of  the 
theraal  conductivity:  and  \  the  layer  of  ash  and  carbon  black  on 

the  external  surface  of  the  duct;  and  -  wall  of  the  duct;  «. 
and  \  -  scale  deposit  on  the  internal  surfaca  of  duct. 

7-06.  Heat-transfer  coefficient  froa  gases  to  wall 
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(•I 

<1  >■  kkoaIm^  Hac  tpad,  (7-09) 

Kay:  (1).  kcal/a>  hoar  dag 

vhere  w  -  coafflclcat  ci  floM,  niiich  considers  the  decrease  of  the 
heat  absorption  of  the  heating  sairface  as  a  result  of  the  inccaplete 
flow  by  its  gases. 

The  incoeplete  sweep  of  gases  of  the  heating  surface  occurs  in 
such  cases  the  code  the  configuration  of  bundle  and  placeaent  of 
barriers  they  allow/assuse  the  fcraation  of  the  gas  pockets,  the 
clearly  expressed  nonuniforsity  of  flow  ewer  the  section/cut  or 
partial  gas  overflow  besides  the  bundle,  k  noticeable  redaction  in 
the  heat  absorption  is  observed  only  with  the  gas  overflow  besides 
the  bundle,  which  usually  is  not  allowed/assuaed. 

%ti  the  case  of  the  nonuniforsity  of  flow  over  the  secticn/cut 
the  effect  of  the  incospletsness  of  flow  in  essence  is  coapensated 
due  to  an  increase  in  the  speed  in  the  washed  part.  Therefore  the 
coefficients  of  the  flow  of  the  boiler  heating  surfaces,  is 
especially  the  transversely  washed  beans  of  nedern  aggregates/units 
of  average/nean  and  large  power,  ace  close  to  the  unit. 

For  the  nost  characteristic  ccnstructicns/designs  of  the 
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iocorcectly  naslisd  baadl«s  th€  coefficients  of  flow  w  are  gi?en  in  BN 
7-03.  Is  there  shown  the  aethod  of  deter  lining  the  calculated  open  r 
passage  sectlons/cats  for  these  bundles. 

-  convection  heat-transfer  coefficient,  deterained  in  Section 
kcal/a>h  deg; 

radiation  heat-transfer  coefficient,  the  deterained  in  Section 
kcal/a2  hour  deg. 

Page  37. 


7-07.  Thecaal  resistance  of  ccntaninating  layer  on  external 

», 

surface  of  duct  1:7 •  called  contaaination  factcr  •.  is  deterained  on 
section  •->'  of  present  paragraph. 

7-08.  Value  02  ^  deterained  cn  Section  .n-  of  present  paragraph. 
In  the  calculations  cf  econoaizers  and  evaporative  surfaces,  as  a 
result  of  the  fact  that  tberaal  resistance  froa  internal  side 

they  disregard. 

7-09.  Resistance  of  theraal  conductivity  in  aetal  of  wall  of 
SBOOth  pipes  alaost  in  all  cases  (with  exception  of  steaa  coolers)  in 
calculation  is  not  considered. 
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7-10.  B«slstaac«  o£  scal«  daposit  on  internal  surface  of  ducts 
in  boiler  aggregates/units  of  a«eraga/nean  and  high  pressure,  which 
work  during  scale- free  acde/condltions,  virtually  is  absent. 

In  low-pressure  bailers  the  scale  foraation  is  possible,  but 
during  the  noraal  operation  it  aust  not  reach  the  sizes/diaensions, 
which  call  a  noticeable  increase  in  the  therial  resistance  of  wall. 
Therefore  resistance  of  scale  deposit  usually  into  the  calculation  is 
not  introduced. 


7-1 1 .  conforait j  with  paragraphs  7-07-7-10  calculation  of  the 
coefficient  of  heat  transfer  in  the  plain-tube  bundles  is  produced 
according  to  the  foraulaa: 


for  the  superheaters 


1  + 


(-v)' 


[» 

KKa.%iM}  HOC  :pad\ 


(MOa) 


Key:  (1).  kcal/a^  hour  deg 


for  the  econoalzers  and  the  evaporative  surfaces 


•  nf/ra  i  '-a*  Hdc  zpad.  (7  101) 


Key:  (1).  kcal/a^  hour  dag. 
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7-12.  Duriag  calculation  of  ait  preheaters,  in  »iew  of  absence 
of  data  for  detereining  contaelnation  factor  and  account  of  ether 
deviations  froe  design  cenditions,  is  introduced  general/cosaon/total 
coefficient  of  use  of  heating  surface,  in  this  case  the  coefficient 
of  heat  transfer  is  deterained  frea  to  the  fcrsula 

*  c  — ; —  KKCAiM*  HOC  ipod.  (7-1 1) 
i-«2 

Key:  (1).  kcal/e<  hour  deg 

where  t  -  coefficient  of  use,  deterained  within  section 

7.13.  The  method  detemininr;  the  coefficient  of  heat 
transfer  of  ribbed  surfaces  of  heatin't  havin^  a  nunber 
srecial  features  is  =^iven  in  section  .r*  of  this  oararraoh. 


7-14.  Coefficient  of  heat  transfer**  in  revolving  regenerative 
air  heaters  with  laaellar  packing,  referred  tc  f ull/tctal/coaplete 
heating  surface,  is  deterained  frea  to  foraula 


I  (</ 

KKa.tliO  Hat  ipoa.  (7-12) 


^1*1 


Key:  (1).  kcal/B>  hour  deg 


where  -  the  of  the  heating  surface,  washed  by  the'*»^; 


<^,ASSe.^ 


w. 


/O 


the  portion  of  the  heatin'^  surface  ''ashed  b 


«!  and  (tg  -  heat-transfer  coefficients  froa  the  gases  to  the 


wall  and  froa  the  wall  tc  the  air,  deterained  in  Section  .9*  of 
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present  paragraph*  kcal/a*  hour  deg. 

^ne  r'ur-cic6  of*  heating  oT  fchs  I’s^enei’ati.ve  air 

heaters  is  taken  eoual  to  the  f-'o-sided  surface  of  all  the 
oackina:  olates. 

b)  confection  heat-transier  coeiiicient. 

T-'IS.  Confection  beat-transfer  coefficient  depends  on  speed  and 
teaperature  of  flow*  detarnining  linear  dinensicn*  ran  of  pipes  in 
bundle*  kind  of  snrface  (snocth  or  finned)  and  of  character  of  flow 
its  (longitudinal*  transferee  or  oblique)*  physical  properties  of 
washing  nediua  and  -  soaatiaes  -  teaperature  c£  wall. 

7-16.  Bated  speed  at  liquid  or  gas  is  deterained  froa  tc  foraula 

m=--~  M,ceK,  (7-13) 

Key:  (1).  n/s. 

where  F  -  an  area  of  clear  opening  a^  (neg) 

-  an  average/nean  fcluaetric  flow  rate  per  second*  a’/s. 


Key:  (1).  the  a*/s 


DOC  «  30041102 


1 

I 

! 

.... 

where  b,  -  calcalated  ccasuaptica  of  fuel,  kg/h; 

▼s  -  voluae  of  gases  per  1  kg  of  fuel/prepellant,  deterained  on 
the  average/aean  excess  air  fcetween  entrance  a*  and  output  a", 

na^/itg. 

Hlth  the  passage  thcough  the  designed  floe  only  of  part  of  the 
gas  the  right  side  of  foraula  (2-14)  is  aultiplied  by  t,  [see  foraula 
(7-06)  ]. 

Page  38. 

For  the  air 


Key:  (1)  the  a  Vs 


- 360OT73 - 


where  VO  -  the  theoretically  necessary  for  the  coabostion  quantity  of 
air,  na3/kg; 


!«,-  ratio  of  a  quantity  of  air,  passing  through  the  air  preheater. 


to  theoretically  necessary: 
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•  ratio  of  a  quantity  of  air  to  theoretically  necessary  for 
output  fron  the  designed  step/stage  of  the  air  preheater; 

da  -  suction  in  the  designed  step/stage  cf  the  air  preheater; 

‘  share  of  air  (t hecretically  necessary),  which  goes  for  the 
recirculation. 

For  the  water  vapcx  and  the  water 

‘'"•■’SW  (M7) 

K«y:  (1)«  the  a  3/s 

0  "  the  hourly  consuapticn  of  vapor  or  water,  kg/b; 

V  •  average/aean  specific  voluae  of  vaper  or  water,  a^/kg. 

7-18.  Clear  area  for  pass  cf  gases  and  air  in  flues,  filled 
transversely  and  with  slantwise  streaallned  saooth  and  finned  tubes 
is  deterained  over  secticn/cut,  passing  through  axes/azles  of 
transverse  run  of  pipes  as  difference  between  f ull/total/coaplete 
area  of  cross  section  of  flue  in  light/wcrld  and  part  of  this  area. 


occupied  with  ducts  and  partly  this  area,  occupied  with  ducts  and 
edges/fins.  In  that  indicated,  section/cut  the  area  for  the  pass  of 
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gases  Is  saallast  in  coafarison  eith  any  other  parallel  section/cut. 
This  principle  of  nininna  flov  area  is  accepted  also  in  other  cases 
of  deter aining  the  speed. 

Are  given  below  fcranlas  for  deteraining  the  calculated  clear 
opening  of  different  types  cf  the  heating  surfaces. 

Por  the  transversely  washed  plain-tube  bundles 

(7-18) 

Where  a  and  b  -  slzes/diaensicns  of  flue  calculated  cross-section,  a 

Zi  -  nuaber  of  ducts  in  the  series/row; 

d  and  t  -  diaaeter  and  the  length  of  ducts,  a;  with  bent  tubes 
for  value -1  is  accepted  the  prcjection  of  ducts  (Fig.  2). 

8ith  the  longitudinal  flow: 

with  leakac^e  of  the  nedlun  within  the  ducts 

^-*—  **.  (7-19) 

where  z  -  a  nuaber  of  in  parallel  connected  ducts; 
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daring  tha  flow  of  taa  aadiua  batwaan  tba  ducts 

ltd* 

F  — afr  —  l—  j,t,  (7.20) 

Hhere  z  -  a  nusbar  of  ducts  in  tha  bundle; 

-  tuba  bora,  n. 

For  baaas  of  ducts  sith  the  cross  ribs 

vhara  Sj  -  tha  transsacsa  pitch  of  ducts,  ■; 

Hhile  d>  dianetar  of  carrying  duct,  a; 

V  and  '  height  and  STaraga/sean  thickness  of  edga/fin,  a; 

-  step/pitch  of  adgas/fins,  a. 

Tha  averaging  of  clear  openings  with  their  different  value  in 
the  individual  sections  cf  the  designed  flue  is  produced  froa  the 
condition  of  the  arithaetical  averaging  cf  speeds,  which  is 
equivalent  to  the  arithaetical  averaging  of  values  1/F. 
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If  in  this  flus  ar«. savacal  sactions  with  tha  idantical 
character  of  the  flow  cf  tha  heating  sarfacc,  hat  by  different  clear 
openings,  into  tha  calculation  is  introdncad  the  average/aean 
cross-sectional  area,  dataraisad  according  to  tha  foraula 

/ff  -4-  H\  . 

where  Hi,  H^o*  '  snr faces  of  heating  sections  with  clear  openings 

Pi,  Pj,  a* • 


Hith  different  ones  input  f*  and  output  P"  beaa  sections  in  the 
case  of  a  steady  change  in  the  section/cut  the  averaging  is  produced 
according  to  tha  foraula 


In  the  presence  of  the  disagreeaent  in  the  cross-sectional  area 
not  acre  than  '25o/o  it  is  passible  to  prcduce  the  aritbaetical 
aweraging  of  sections/cuts. 


In  the  presence  in  fcoadla  cf  the  gas  corridors  or  with  the  in 
parallel  connected  flues  calculated  clear  opening  is  deterained  frea 
tha  foraula 


-t- 

+  .473) 


mK  (7-:4) 
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where  and  >  clear  area  of  bundle  and  shunting  flue,  b<; 

and  c.  -  coefficients  of  hydraulic  resistances  of  bean  and 
shunting  flue: 

*«  and  -  nean  tenperatures  of  gases  in  the  bundle  and  the 
shunting  flue,  ^C. 

Oiagrans  for  the  selection  of  the  calculated  clear  openings  of 
the  conplicatedly  washed  bundles  ace  given  in  BR  7-03. 
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Fig.  2.  O«t«ralnatloa  of  tiio  calcalatod  length  of  ducts.  (For 
deteralning  the  sarface  of  heating  is  considered  the  effective  length 
of  ducts) . 

Page  39. 

7-19.  Calculated  teaperature  cf  flow  of  gases  is  egual  to  sub  of 
aean  teaperature  of  heating  aediua  and  teaperature  head.  For  the 
surfaces  of  heating  boiler  aggrcgates/units  the  calculated 
teaperature  of  flow  can  be  with  sufficient  precision/accuracy  defined 
as  the  half-sua  of  the  teaperaturas  of  gases  at  the  entrance  into  the 
surface  of  heating  •*  and  the  output  froa  it  1"  according  to  the 
for  aula 

•  _  *0.  (7-25) 


7-20.  Calculated  deteraining  linear  diaension  is  accepted  in 
dependence  on  constructicn/design  of  surface  cf  heating  and  character 
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of  flow.  Its  selection  is  shown  in  each  of  the  cases 
considered/exaalned  below  of  heat  exchange. 

7-21.  Convection  heat-txansfec  coefficient  with  transverse  flow 
of  corridor  bundles  is  deterained  froa  te  foriula  ^ 

•»  “  O.irrc,  J-  j  Ktca  i/M*  kac  tpad, 

(7-20) 

Key:  (1).  kcal/a^  hcnc  deg. 

where  c,  -  correction  fcr  a  nuaber  of  transverse  runs  of  pipes, 
deterained  on  noaograa  11  in  the  dependence  cn  an  average  nuaber  of 
series/rows  the  separate  bundles  of  the  designed  bundle;  with  one  run 
of  pipes  ><  it  is  detetained  cn  ncaograa  III; 

K  -  coefficient  of  theraal  ccnductivity  at  aean  teaperature  of 
flew,  deterained  on  p.  3-OS,  kcal/a  hour  deg; 

'  -  kiaeaatic  viscosity  coefficient  at  aean  teaperature  of  flow, 
on  p.  3-03,  aa/s; 

d  -  diaaeter  of  dnets,  a; 

w  -  gas  velocity,  cn  BH  7-C4,  a/s. 
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POOTROTB  I.  Fora alas  fox  dstsraiaiag  the  convection  heat-transfec 
coefficients  with  the  transverse  flow  are  substantiated  by  the 
investigations,  carried  cut  at  criterion  value  of  Reynolds 
Be*  (4-65)  •  10*  for  the  corridor  cues  and  Be=  (2-65)  ®1 0*  for  the 
checkered  bundles.  In  the  usually  encountered  ceises  of  calculating 
the  boiler  aggregates/units  it  is  not  necessary  to  exceed  the  liaits 
of  the  values  Be  indicated;  therefore  the  special  testing  of 
applicability  for  foraula  it  is  not  required.  EMDFOCTBOTE. 

According  to  foraula  (7-26)  is  constructed  noaograa  II  for 
deter aining  of  heat-transfer  coefficient  with  the  transverse  flow 
corridor  bundles.  In  this  and  subsequent  noaograas  the  effect  of 
changes  of  the  physical  characteristics  froi  teaperature  and 
coapositlon  of  gases  to  the  heat-transfer  coefficient  is  considered 
with  the  help  of  coefficient 

For  the  boilers,  which  work  with  the 
supercharglng/pressurixation,  the  convection  heat-transfer 
coefficient  can  be  deterained  on  the  sane  noaograa.  In  this  case  the 
speed  aust  conditionally  be  designed  froa  the  veluae  of  gases  at  the 
atnospherlc  pressure.  This  observation  relates  also  to  another  cases 
of  the  convective  heat  exchange. 


7-22.  Convection  heat-transfer  coefficient  with  transverse  flow 
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of  chockeced  bundles  *  Is  detexained  acccrding  to  following  foraolas: 


with 


.£0.7 


■  o.2roc 


X  /lOrf  . 

**  IT  \  ~  ^poo\ 


Kay:  (1).  kcal/a'h  deg 

Key:  (1).  kcal/B<h  deg, 

where  c,  -  correction  for  a  nuabar  of  transverse  tuns  of  pipes, 
deteralned  on  noaograa  111; 

^  average/aean  ralatlwe  transverse  pitch  of  the  ducts; 

^  '  avecage/aean  relative  diagonal  spacer  of  the  ducts: 

'  the  average/aean  relative  longitudinal  pitch  of  ducts. 


iL 

d 


->0.7 


d. 


.,-0.205C,^(-) 


cv 

kkoaIm*  lac  tpad. 


(7-28) 
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POOTNOTB  >.  The  eoved  cbccJcered  bundle  with  St/d«1. 74  and  Sx/d^l.S, 
used  In  the  sectional  bcilecs,  is  designed  as  ccaeon  checkered 
bundle.  ERDPOOTNOTE. 

Reeaining  designations  see  p.  7-21. 

According  to  forsolas  (7-27)  and  (7-28)  is  constructed  nosogran 
III  for  deteraining  the  heat-transfer  coefficient  with  the  transwerse 
flow  of  checkered  bundles.  Graph  for  deteraining  coefficient  c,  is 
constructed  taking  into  account  foranla  (7-29) . 

7-23.  hith  variable  in  depth  or  width  of  flue  spacings  between 
tubes  of  designed  bundle  into  calculation  arc  introduced  averaged 
over  heating  surface  steps/pitches: 


where  H'  and  B^"a2  -  surfaces  of  heating  parts  of  bundle  with 
steps/pitches  s*  and  s". 

7-24.  In  presence  in  flue  of  several  sections  with  identical 
character  of  flow  and  different  diaaeters  of  ducts  calculation  is 
conducted  according  to  that  averaged  proporticnal  to  surfaces  of 
heating  sections  to  dlaaeter.  In  this  case  are  neutralized  values  1/d 
and  calculated  diaaeter  is  deteiained  froa  the  foraula 
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lit  +  4* . .  • 


(7-31) 


7-25.  Foe  bundloa  In  Hbicli  pact  of  ducts  staggacad,  and  pact  - 
in  coccldoc,  haat-tcansf ac  coafficient  is  calculated  separately  foe 
each  part  of  bundle  (but  foe  avacaga/aean  values  of  taaperatuce  and 
spaed  in  bean)  and  is  eantealizad  proportional  to  surfaces  of  heating 
both  pacts  according  tc  fccaula 


KKOAlJ^  *ac  zpad. 

(7-32) 


Key:  (1).  hcal/s^h  dag. 


Page  40. 

If  the  surface  of  heating  the  ducts,  acrangad/located  in  the 
checkered  (corridor)  order,  aiceads  85o/c  of  entice  heating  surface, 
than  entice  bundle  is  designed  as  checkered  (corridor) . 

7-26.  For  bundles,  easbed  hy  obligue  flov,  rated  speed  is 
calculated  froa  section/cut  ^p■  passing  through  azes/azles  of  ducts 
(Fig.  3) .  To  the  value  cf  the  coefficient  of  heat  transfer, 
deterained  in  the  focaulas  for  the  transverse  flov,  for  the  corridor 
bundles  with  the  value  ct  the  angle  between  the  direction  of  flow  and 
the  axes/axles  of  ducts  cf  ^<80«  is  introduced  the  correction  in  the 
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fora  of  constant  cosfficlant  of  1.07.  For  the  checkered  bundles  of 
this  correction  to  Introduce  one  ought  net. 

7-27.  Heat-transfer  coefficient  vith  longitudinal  floe  cf 
beating  surfaces  depends  on  floe  conditions  of  liquid.  Transition 
free  the  strean-llne  conditions  to  the  turbulent  occurs  usually  with 
Be*2. 2*103.  but  under  sene  conditions  transition  region  can  be 
inwolwed/tlghtaned  to  values  of  ie^S^IO^  and  above. 

The  notion  of  aedla  (flue  gases,  air,  water,  steaa)  in  boiler 
assenblies  as  a  rule,  is  turbulent.  Only  in  the  lanellar  air 
preheaters  in  which  the  flow  is  characterized  by  the  presence  of  the 
elongated  transient  zone#  to  value  of  He-10*  cccors  the  flow, 
different  fron  the  turbulent.  Therefore  is  given  below  general 
fornula  for  deternining  the  heat-transfer  coefficient  during  the 
turbulent  node/conditions  for  all  t^pes  of  the  longitudinally 
fairings  of  heating  and  second  fcriula  fer  deternining  the 
heat-transfer  coefficient  in  in  plastic  air  preheaters  at  values  of 
8e<  10000. 

In  the  regenerative  air  preheaters,  which  consist  of  undular 
sheets,  washed  by  the  flew,  directed  at  angle  toward  the  wave,  the 
character  of  the  eotion  cf  gases  ard  air  differs  fron  purely 
longitudinal.  For  then  are  given  special  calculation  foraulas. 
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7-28.  Heat-transf«r  coaificlaot  with  longitudinal  flow  ef 
heating  surface  is  detexalned  froe  to  foriula  * 

J,=n.023 Pr”  'C,C, 

KKa  tltP  vac  Tpaii,  (•> 

Key:  (1).  tcal/n*h  deg 

Mhece  X  -  coefficient  of  thernal  conductivity  at  eean  teaperature  of 
aediuB,  deterained  for  the  air  and  the  flue  gases  on  p.  3-05,  for  the 
vapor  and  water  -  on  Tablos  3-4,  kcal/a  hour  dag; 

'  -  kineaatic  viscosity  coefficient  at  aeao  teaperature  of  flow, 
deterained  for  the  air  and  the  flue  gases  on  p.  3-03,  for  the  vapor 
and  water  -  on  p,  3-02,  aVs; 

w  -  speed,  deterained  accorditg  to  foraola  (7-13),  a/s; 

-  equivalent  diaactec,  a. 

FOOTNOTE  Foraula  (7-33)  is  substantia  ted  by  experiaents,  conducted 
in  the  Halts  of  values  £e  5«10^-2«10*.  As  a  rule,  in  the 
calculations  of  boiler  acgregates/unlts  it  is  not  necessary  to  exceed 
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the  Halts  indicated,  thecetoce  the  special  testing  of  the 
applicability  of  focaala  (7-33)  is  not  regoired.  ESDFOOTHOTE. 

The  Talae  of  the  cciterioo  of  physical  pcopecties  pr  for  the  air 
is  equal  to  0.71;  for  floe  gases  pr  it  is  dateralned  on  p.  3-08,  for 
the  vapor  and  the  eater  -  on  tables  3-5  at  aean  teeperature  of  flow. 

During  the  course  of  gases  within  the  ducts  the  equivalent 
dlaaeter  is  equal  to  tube  bore.  Mith  the  course  of  gases  in  the  ducts 
cf  noncircular  sectlon/cot  and  the  longitudinal  flow  of  the  banks  of 
tubes  the  equivalent  dlaaeter  is  calculated  according  to  the  for aula 

^  (T-M) 

Where  P  -  a  clear  area  cf  flue,  a<; 

-  part  of  the  periaeter  in  this  section/cut,  through  which 
occurs  the  heat  exchange,  a. 


For  the  flue,  filled  with  ducts, 

**  V  ZT.tl 

where  a  and  b  -  transverse  sizes/diaensicns  of  flue  in  the 
light/world,  a; 
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z  -  quantity  of  ducts  in  tha  flue; 

d  -  dlaeetec  of  ducts,  a. 

Foe  the  narroM  elongated  slotted  channels  (lasellac  ale 
preheaters)  the  equivalent  diaieter  can  be  accepted  equal  to  the 
doubled  width  of  the  slot: 

To  correction  in  general  it  depends  on  the  teaperatures  of 
flow  and  wall. 

During  cooling  of  gases  value  is  received  as  the  constant, 
equal  to  1.06. 

During  heating  of  gases  value  c,  is  deterained  on  Fig.  4. 


1 
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Fig.  a.  Dlagraa  to  calcalaticn  ct  clear  area  vlth  oblique  flow  of 
bundle. 


Fig.  4.  Correction  c,  during  deterainaticn  of  longitudinal  floM  in 
the  case  cf  heating  gasaa. 

Page  41. 

In  the  cases  of  heating  uatex  and  steas  the  effect  of 
tesperature  factor,  considered  by  value  c,,  is  insufficiently  studied, 
in  the  eleaents/cells  cf  boiler  aggregate/unit  the  teaperature  of 
wall  with  the  course  of  water  and  steaa  differs  little  froa  the 
teaperature  of  aediua.  Pcrtheracre,  at  ccaparativel y  high 
teaperatures  of  water  with  which  it  is  necessary  to  deal  in  the 
calculations  which  it  is  necessary  to  deal  in  the  calculations  of  the 
eleaents/cells  of  boiler  aggregates/units,  value  Pr  weakly  depends  on 
teaperature.  Therefore  fee  the  water  and  steaa  c,  takes  as  the  equal 


iOC  =  80041102 


CICB 


1 


to  unit. 

Correction  for  relative  length  c,  is  introduced  only  at  values 
i/j.<so  and  it  is  detersined  cn  ncacgras  IV. 

According  to  foreula  (7-33)  are  constructed  the  noeograas  for 
detersining  the  heat-transfer  coefficient  with  the  longitudinal  flow: 
for  the  air  and  the  gases  -  noacgrae  the  17,  for  steae  -  7  and  for 
the  water  -  vi. 

In  noBograa  17  correction  factors  and  c;  took  into 

/ 

consideration  the  effect  not  only  of  changes  cf  the  physical 
characteristics,  but  alsc  ccrrecticn  c,. 

with  deterelnation  correcticn  c;  the  teaperature  of  the  wall  of 
air  p^reheater  is  accepted  as  the  average  between  the  teaperatures  of 
air  and  gasses. 

7-29.  Convection  heat-transfer  coefficient  for  laaellar  air 
preheaters  at  etlee  of  Be<  100.00  is  deter  ained  froa  to  for  aula 

■t,  —  0,00363—  *  KKOAtut  HOC  tpad.  ('•  Ui) 


Key:  (1).  kcal/a*h  deg 
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the  values  of  enteriag  this  fcraula  values  are  defined  just  as 
in  foraula  (7-33). 

According  to  foraula  (7-36)  is  constructed  noaograa  7II. 

Hith  Be>  10000  the  calculation  is  conducted  according  to  foraula 
or  noaograa  17.  the  adaissihility  of  the  use  of  noaograa  7II 
is  checked  with  the  help  of  the  auxiliary  lines  of  this  noaograa. 

7-30.  Heat-transfer  coefficient  for  rotating  regenerative  air 
preheaters  with  packing  of  type*  depicted  on  fig.  5*  is  deterained 
froa  for aulas 

with  »»<5  200 

="  O.0OS2V  —  Pr”'  *  KKOAltif  Kae  tpad-,  (7-  (7) 


Key:  (1).  kcal/a^h  deg 


with  Be>S200 


kkoaIm^  <tac  zpad. 


(7-33) 


Key:  (1).  kcal/a^  hour  deg. 


FOOtNOtB  foraulas  (7-37)  and  (7-38)  they  are  obtained  as  a  result  of 
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the  InTestlgation  of  packing  Nith  the  following  geoaetric 

chacactecistlcs:  «.  -0.01066  m;  _  o,<jj  6M,-0,BS:  iM,-2.90;  .-30*. 

BHDFOOTWOTl. 

Here  syabols  of  valcas  the  sane  as  in  fcxaula  (7-33) 

The  eguitalent  diaaetec  of  packing  is  deterained  fcoa  general 
foraula  (7-34) . 

According  to  foraola  (7-37)  of  plotting  of  noaograa  Vlll. 

If  speed  exceeds  the  values,  encoapassed  by  noaograa,  is 
calculated  value  Re  end  calculation  is  conducted  according  to  the 
appropriate  foraula. 

7-31.  For  bundle,  partially  washed  by  longitudinal  and  partially 
cross  flows,  is  applied  averaged  convective  heat-transfer 
coefficient,  deterained  as  fellows. 

By  averages  for  entice  bundle  to  the  gas  flew  and  teapecatuce 
according  to  foraula  (7-13)  are  deterained  the  speeds  in  the 
sections,  washed  by  longitudinal  flow,  and  in  the  sections,  washed  by 
the  cross  flow.  By  these  speeds  and  aean  tewpccature  with  the  help  cf 
the  appropriate  foraulas  an<i  the  ncwoqcais  ace  deterained  the 
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heat-transfer  coefficients  for  foth  parts  of  the  heating  surface. 


The  averaged  value  cf  heat-transfer  coefficient  for  entire 
bundle  is  calculated  frci  tc  the  fcraula 


^non  +  ^it 


(•J 

(7-39) 


Key:  (1).  kcal/a^  hour  deg 


where  v«.  end  -  ccnvecticn  heat-transfer  coefficients  for  the 

sections,  washed  by  transverse  and  longitudinal  flows,  kcal/a*  hour 
deg: 


and  'K,  -  surface  of  heating  these  sections,  a^. 

Szaaples  of  the  conditional  laying  out  cf  the  coaplicatedly 
washed  bundles  to  the  Icngitudinally  and  transversely  washed 
sections,  and  also  the  irdicaticos  regarding  the  sections/cuts  of  the 
corresponding  sections  are  given  in  RN  7-03. 

In  the  presence  of  several  egually  washed  sections  with 
different  sections/cuts  calculated  clear  opening  is  neutralized  over 
the  surfaces  of  heating  the  ccrzesponding  secticns  according  to 
foraula  (7-22) . 


DOC  >  30041102 


Fig.  5.  Schttaatic  of  the  packing  of  regenerative  air  preheaters. 

Page  42. 

c)  radiation  heat-transfer  coefficient  ccabustion  products. 

7-32.  In  calcnlaticn  is  considered  radiaticn/ealsslon  of 
triatoalc  gases,  and  dazing  ccatustion  of  solid  fuels  -  and  of 
weighed  in  particle  flax  of  ash.  The  deteraination  of  a  guantity  of 
heat,  transaitted  of  1  a*  of  the  heating  surface  by  the  aethcd  of 
radiation/eaission,  Qa 


kcal/a*h,  is  produced  aith  the  help  of  the  radiation  heat-transfer 
coefficient  coabusticn  products: 

<7. 

« ,  —  —  **«-«/•«’  »oc  tpad,  (7-40) 


PACE  sSST 


Key:  (1).  kcal/a*h  deg 
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where  A  and  u  -  teeperature  of  gases  and  eitacnal  sarface  of  wall 
tailing  into  acconnt  the  follatioa/contaainaticn, 

7-33.  Badiation  heat-transfer  coefficient  coabustion  products  is 
deterained  frca  following  foraolaa: 


for  dust;  flow  (upon  consideration  of  radiatlon/ealssioo  of  ash) 


'-fr-y 


-  4,9- 10-*  - 


.  “fi.  +  ' 


or* 


I  —  ■ 


*tac  r/Hid; 


(Ml) 


for  purely  gas  flow  (during  calculation  of  radiation/eaission  of 
triatoaic  gases*  not  bcccae  dusty  by  ash) 


kko.i/m’  lac  cpad. 


1 


'  cm 

T 


(7-42) 


Key:  (1).  kcal/a^h  deg. 

So  these  foraulas; 

•cm  -  eaissiwlty  factor  of  the  walls  of  the  beaa-receiving  surfaces; 
for  calculating  the  heat  eaissico  by  radiatics/eaissicn  to  the  boiler 
heating  surfaces  is  accepted 
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“cm’-.O.Si: 

a  -  aaisslTity  factor  of  ti»«  dusty  and  ncnduat-ladan  flovs  of  gases 
at  taaperataca  detacalned  according  to  the  foranla 


where  a  -  a  Maperian  base; 

-  total  absorption  strength  of  the  products  of  coabustion;  for 
the  boilers,  which  wcrk  withoat  the  supercharging/pressurization,  are 
accepted  p»l  atB(abs.): 

T  *  absolute  teaperatuce  of  the  flow  of  coabustion  products 
[teaperature  of  flow  (<>0  is  deterained  froa  foraula  (7*25) 

-  absolute  tennerature  of  outer  ••rail  surface  of  radla.tlon- 
recelvlnt:  sur^’aces,  '^K; 

The  teaperature  of  wail  taking  into  account  the  external 
pollution/contaalnatlon  is  deterained  on  the  indications  p.  7-38. 

according  to  foraula  (7-41)  is  constructed  noaograa  XI  for 
detaralning  the  radiaticn  heat-transfer  coefficient  of  the  dusty  flew 
in  depending  on  total  absorpticn  strength  of  flow  kps  and 


teaperatures  of  flow  and  wall 
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For  detecaining  the  cadiatlca  heat-tcaosfec  coefficient  of  the 
non-dastladen  gas  flow  value  v  found  frea  nciograa  XI,  they  aultiply 
by  coefficient  c„  detexained  on  auxiliary  field  of  this  noaograa. 


7-34.  Total  absorption  strength  of  dusty  gas  flow  is  detexained 
free  foraula 


kps  »(*/,  +  ps-  (7  •■•«) 


For  the  non-dustladen  flow  (Products  of  the  coabustion  of  vapor 
and  liquid  propellants)  second  tera  drops  out.  It  it  is  possible  net 
to  Introduce  into  the  calculaticns  also  during  the  layer  and  flaae- 
layer  coabustion  of  all  solid  fuels/propellants. 

Entering  foraula  (7-44)  values  are  deterained  on  paragraphs 
7-35-7-  17. 


7-335.  Coefficient  cf  weaheniag  ray/beas  by  triatoaic  gases, 
which  are  contained  in  coabustion  products,  is  deterained  frea 
foraula 


V  \ 


(7-45) 


where  '^h.o  *  voluae  fraction  of  water  vapors; 


-  total  partial  pressure  of  triatoaic  gass,  ata(abs.): 
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^ + '■so,  -  total  voluia  fraction  of  tciatoaic  gases; 

s  -  efficient  thickness  cf  radiation  layer  (effective 
length  of  ray/beaa) •  deterained  on  p.  7>37,  ■; 

T  -  absolute  teaperatore  of  flew  cf  products  of  coabustion, 
OR. 


According  to  foraula  (7-45)  is  constructed  noaograa  IX  for 
deteraination  <>.  in  depending  or  the  voluae  fraction  of  water  vapors, 
teaperature  of  gases  and  product  of  the  total  partial  pressure  of 
triatoaic  gass  on  the  efficient  thickness  of  radiation  layer 


7-36.  Coefficient  cf  waaKening  ray/beaa  in  voluae,  filled  ash  is 
deterained  according  tc  foraula 


k 


(7-«) 


where  -  efficient  diaaetei  of  particles  of  ash  alcron. 


Page  43. 


According  to  the  preiiainary  data,  until  the  refineaent,  it 
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should  be  accepted: 

‘'-=13  aicron  with  coihustioo  of  carboo/coals,  allied  in  drui- 
spherical  aills; 

a16  aicron  during  the  coabustion  of  car  bcn/coals,  allied  in  the 
aediua  and  high  speed  crindiag  tills; 

‘'x  =20  aicron  during  the  coabustion  of  carbcn/coals  and  schists, 
allied  in  the  unit  type  tills; 

<<,-33  aicron  daring  the  coabusticn  of  tillicg  peat  in  shaft  -  Bill 
heatings. 

According  to  foraula  (7-46)  is  constructed  noaograa  x  fcr 
deter alnation  in  depending  on  the  teaperature  of  the  products  of 
coabustion,  fora  of  fuel/propellaot  and  aethod  of  its  grinding. 

M  -  concentration  of  ash  particles  in  the  coabustion  products, 
deternined  according  tc  foraula  (4-11),  g/na^. 

7-37.  Efficient  thickness  cf  radiation  layer  during 
radiatlon/eaisslon  Halted  free  all  sides  gas  vcluae  to  enclosing 
surfaces  is  deterained  froa  approtiaation  foriula 
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i  =  3.6  -j—  a.  (7-47) 

*  cm 

vhere  7  -  voluae  of  radiation  la;«r,  a^; 

'"cn  -  area  of  enclosirg  sorfacea,  a^. 

For  the  plaln-tabe  bundles  the  efficient  thickness  of  radiation 
layer  is  deterained  froa  the  foraulas; 

aith  ^<7 

»-(|.87^5^^_4.|)  d  (7-48) 

With  7<f^<,3 

1  =  ^..82  _  ,0,6^  i  (7.49) 

where  St  and  Sz  -  averagc/aean  fcr  the  bundle  transverse  and 
longitudinal  pitches  of  ducts*  a. 

For  the  bundles  frca  the  fin  ducts  obtained  according  tc  foraula 
(7-48)  or  (7-49)  value  ^  should  aultiply  by  0.4. 

^or  the  finned  heating  surfaces  in  view  of  the  saall  thickness 
of  radiation  layer  the  fc«at  eaissicn  by  the  radiation/eaission  of 
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coibustlon  pcodacts  is  oct  coasidaxed. 

In  the  presence  of  gas  voluees  in  the  lialts  of  the  heating 
surface  or  before  it  ralue  s  is  caiculated  according  to  the 
indicaticns  p.  7-39. 

7-38.  During  deteraination  of  radiation  heat-transfer 
coefficient  in  foraula  (7-41)  or  (7-42)  cr  nciograe  XI  teaperature  cf 
wall  of  duct,  which  receives  radiation/e aiss ion,  is  received  to  equal 
aean  teaperature  of  skin  of  depcsxted  on  duct  ash  deposits. 

This  teaperature  in  general  can  be  deteriined  froa  the  foraula 

t  -  aean  teaperature  of  the  aediua,  which  takes  place  within 
the  ducts,  ^C.  For  the  bcillng  liquids  t  it  takes  as  the  equal  to  the 
boiling  point,  in  the  raaaining  cases  -  half-sua  of  the  initial  and 
final  teapecatures; 

*  -  contaalnation  factor,  deteriined  in  accordance  with  the 
indications  Section  .j-  of  present  paragraph,  a^h  deg/kcal: 

>2  -  heat-transfer  coefficient  froa  the  wall  to  the  internal 
aediua,  considered,  onl]  during  the  calculaticn  of  superheater. 
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kcal/a'h  dag; 

calculated  conauaptlca  of  fuel,  kg/h; 

Q  -  heat  absorptlcn  of  the  designed  heating  surface,  detacalned 
froB  the  eguations  of  balance  (1-0^)  and (7*03)  for  pcallBlnarilr 
taken  final  teapecature  cf  one  cf  the  aedia,  kcal/tcg; 

H  -  surface  of  heating  the  designed  eleaent/ce 11 ,  a*. 

Since  a  considerable  error  la  deteraination  t,  does  not  cause 
appreciable  error  in  the  coefficient  of  heat  transfer,  it  should  be 
not  aade  aore  precise  value  tj,  if  an  error  in  prelialnarily  taken 
value  Q  during  the  vecif)xng  calculation  does  not  eaceed  the 
following  values: 

for  superheaters  «-15o/o; 

for  developed  boiler  bundles  *-30o/c; 

for  scallops  ♦*50c/o. 

During  the  rational  design  of  this  surface  should  be  been 
assigned  the  value  of  heat  absorption  Standard  deviations  for 
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this  value  ceaaia  the  sate  as  aod  ioc  value  Q. 

For  the  econoeizec  heatiay  surfaces  it  should  be  calculated  t3 
approxisately  according  to  the  given  below  Indications. 

For  first  (on  the  course  of  water)  stage  of  econoelzer  and 
single-stage  econoalzer  with  A<«00"c 

— /  +  25‘C. 

For  the  single-stage  ecoccaizer  with  a*>400^C  and  the  second 
step/stage  of  two-stage#  and  also  transient  zone  of  single-pass 
boiler  with  the  chaaber  coabustion  of  solid  and  llguid  propellants 
and  any  ignition  aethod  cf  tie  wood 

<,  —  /  +  100°  C: 

for  the  sane  surfaces  during  the  layer  ccabusticn  of  all 
fuels/propellants#  except  wood#  and  the  coabustion  of  the  gas 

-  J  +  25°  C. 

7-39.  Cavity  ealsslon  for  their  enclosing  surfaces  Is  designed 


in  accordance  with  the  fcllowing  indications 
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Page  44. 


Fig.  Taking  into  conaideration  c£  cavity  eaissioo. 


For  entire  superheater 


For  first  on  the  ccerse  of  gases  stage 

'.1+  ".5'<«1l 

a»  •  a  -  . 


For  econoeiser 


^  ''U  +  -*■ 

^e4 


The  radlation/eeisalon  of  the  voluaes,  Iccated  before  the 


superheater  or  in  its  Halts,  tc  the  superheater,  and  also  rotar 
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chaaber/caaara  to  the  axzanged/ located  after  it  heating  surface  is 
considered  by  an  increase  in  confuted  value  of  the  efficient 
thickness  of  radiation  layer  in  the  foraula 


where  s  -  the  efficient  thickness  of  radiation  layer,  calculated 
according  to  spacings  tetween  tubes  in  the  designed  tube  bank,  a; 

i. .  and  depth  (on  the  course  of  gases)  of  the  strictly 

designed  bundle  and  of  gas  vcluae  (Fig.  6),  a; 

A  >  coefficient,  taken  to  the  equal  ones  to:  0.5  -  upon 
consideration  of  the  radiation/eaisslon  cf  vcluaes  with  the 
superheater  and  0,2  upco  consideration  of  the  radlation/eaission  of 
voluae,  which  is  located  beyond  the  superheater,  to  the 
arranged/located  after  it  heating  surface. 

The  heat,  transaitted  by  cavity  eaission  to  the  tube  bank, 
arranqed/located  before  this  vcluae,  is  not  considered,  since  its 
fraction/portion  in  the  general/coaaon/tctal  heat  absorption  of 
bundle  is  negligible. 


Cavity  eaission  to  the  scallops  also  is  net  considered  in  view 
of  the  fact  that  eaissivity  factors  of  gas  layer  in  the  scallops  and 


DOC  »  80041103 


IkQE 


/&n 

the  adjacent  to  then  vcluaes  axe  close  in  the  value. 

The  calculation  of  cavity  eeission  by  the  wall  heating  surface, 
which  does  not  exceed  lOc/o  of  surface  of  the  preceding  it  in  the  gas 
flow  bundle,  is  produced  sieply  (see  Section  6-07) .  If  the  value  of 
the  wall  heating  surface  is  sore  than  liait  indicated  above,  and  also 
in  the  case  of  separate  cun  of  pipes,  the  heat  of  cavity  eaission  to 
this  surface  is  calculated  fees  to  the  foraula 

Key:  (1).  kcai/h. 

The  value  of  radiation  heat-transfer  coefficient  >,  kcal/a' 
hour  hail  is  deterained  cn  the  indications  paragraphs  7-33-7-37.  In 
this  case  the  teaperature  of  gases  of  »**c,  the  voluae  fractiens  of 
triatoaic  gases  'h^o  and  ^  and  the  concentration  of  ash  particles 
tt  are  accepted  as  of  the  entrance  into  the  voluae. 

The  teaperature  of  contaaicated  wall  is  deterained  froa 

foraula  (7-50) ,  contaainaticn  facter  in  which  takes  as  the  equal 
to  0.01  m*  hour  deg/kcal. 

The  peraissible  dlsagreeacnt  between  the  accepted  for 
calculation  i,  value  C  (during  rational  design  and  deterained 

froa  the  calculation  coaposes  v50o/o. 
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The  beae-cecelTloq  surface  of  heating  '  is  deterained  on  the 
indications  p.  6*15. 

D)  the  coefficient  of  heat  transfer  in  the  finned  and  fin  heating 
surfaces. 

7>40.  For  cast  ircn  finned  econoaizers  of  TsKRB  and  7TI  is  given 
noaograa  X7I.  with  the  help  of  ahich  by  speed  and  teaperature  of 
gases  directly  is  deterained  coefficient  of  heat  transfer. 

Curve  for  the  econcaizer  of  VTI  is  constructed  taking  into 
account  the  effect  of  systeaatic  blasting.  In  the  absence  of  blasting 
the  coefficient  of  heat  transfer,  deterained  according  to  the 
noaograa.  is  decreased  by  20o/c. 

7-41.  For  cast  ircn  finned  and  finned-  serrated  air  preheaters, 
produced  by  Soviet  plants;  coefficient  of  heat  transfer,  in  reference 
to  fullAotal/coaplete  surface  froa  gas  side  B,  it  is  deterained  froa 
to  foraula 

*  £ — j - j- — ^ ~  KHa.i  'iac 

(T-M> 


Key:  (1).  keaX/a^  hour  deg 
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where  coefficient  of  use,  detecained  in  Section  "D*  of  the 

present  paragraph;  and  *2*^-  given  heat -transfer  coefficients 

of  pure/clean  docts  froa  the  kcal/a^  hoar  deg.  Given  the;  are  called 
because  is  considered  resistance  to  heat  transfer  not  onl;  on  the 
surface,  but  daring  furtter  heat  transfer  b;  theraal  conductivity 
through  the  aetal  of  the  edges/fins; 

w~  ~  ratio  of  fuU/t ctal/coaplete  surface  froa  the  external  (gas) 
side  to  the  full/tot al/ccaplete  surface  frca  inside. 

Page  45. 

Finned  tubes  differ  free  finned-serrated  only  in  teras  of  the 
ribbing  of  air  side. 

The  given  heat-transfer  coefficient  frca  the  gas  side  for  the 
pure/claan  ducts,  in  reference  to  the  full/tctal/coaplete  external 
surface,  is  deter ained  froa  to  the  foraula 


>0,0355 


iTKa.i'jii*  HOC  :pa0,  (7-54) 

Key:  (1).  Iccal/a^  hour  deg 


•-•■a 


DOC  «  80041103 


piG£  jyc 


whera  X  •  coefficient  of  thecaal  ccndactivity  at  lean  teapecatare  of 
flow,  defined  on  p.  3-OS.  kcal/a  boar  deg; 

0-  kineeatic  viscosity  coefficient  at  aean  teapecatare  of 
flow,  defined  on  p.  3-0  3.  aVs; 

w  -  gas  velocity,  defined  according  to  fccaala  (7-13).  a/s; 

V-  step /pitch  ci  edges/fins.  taken  as  other 
sizes/diaensions,  on  the  table  and  the  diagraas,  placed  la  ncaograa 
XTII,  a. 

iccording  to  focaola  (7-54)  is  constructed  noaograa  xvil. 

The  given  coefficient  of  heat  transfer  fcoa  the  air  side,  in 
reference  to  the  f oll/total/coaplete  internal  socface,  for  the  dacts 
with  the  longitadinal  edges/fins  is  inside  deterained  fcoa  to  the 
foraala 


-0.0109(^1  + 


6,0  \  \  /ird,  n.M 


KKO/t/ii^  HOC 


Key:  (1).  kcal/a*  hear  deg. 
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Then  for  the  dacts  Hith  the  serrated  internal  surface: 


with  Se^lOOQQ 


Key: 


•7 


,-0,0923^1  +  j 


1,7 


)i(^) 


kkuaIm*  lac  ipa&,  (l  ) 


(1).  lccaX/a<  hour 


o,« 

(7-5fi) 

deg 


with  Be< 10000 


KKa.tlM>  \ac  cpaO.  li)  (7-57) 

Key:  (1)  .  hcal/a^  hour  deg. 


In  these  foraulas,  besides  the  coaaon  designations: 


<»-  the  length  of  the  finned  part  of  the  ducts*  a; 


<<<-  eguivalent  diaaetet*  a. 

According  to  foraulas  (7-55)- (7-57)  is  constructed  noaograa 


XTIII. 
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7-42.  Co«<fici«nt  ot  haat  txaasfer  cf  cast  iron  platy  air 
preheatecs  of  Kusin  plant  (  type  "Kablits")  is  detecained  also 
according  to  fornula  (7-53)  . 

The  given  heat- transfer  coefficient  of  clean  plates/slats  froa 
the  gas  side  and  the  given  heat -transfer  coefficient  froa  the  air 
side  are  deterained  on  nenogtaa  XIi. 

7-43.  For  fin  econoaizers  coefficient  cf  heat  transfer  is 
deterained  froa  to  foraola 

Key:  (1).  kcat/a<  hour  deg. 

The  coefficient  of  use  f  is  deterained  on  Section  "d**  of  present 
paragraph,  the  given  heat-transfer  coefficient  of  the  pure/clean  fin 
ducts,  staggered,  referred  to  the  full/t ctal/coaplete  surface,  during 
cooling  of  flow  is  deterained  frea  to  the  foraula 

lac  (7-59) 

Key:  (1).  kcat/a*  hour  deg. 


For  the  case  of  heating  the  flow  the  value  of  heat-transfer 
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coefficient,  obtained  fxca  focaula  (7-59),  it  is  necessac  y  to 
Bultiply  by  1.2S. 

Here: 

d  -  outside  dlaeetex  of  caxxylng  duct,  ■; 

S|  and  Sx  -  tcansvexse  and  longitudinal  pitches  of  ducts,  a; 

and  height  and  thickness  of  fin,  a. 

Reaainiag  designations  -  the  sane  as  for  fcraula  (7-54)  .  Poraula 
(7-59)  is  applied  with  the  fclloaing  Halts  of  geoaetric 
chaxactecistics: 

i'-  -  1,5  -j-  J.5. 

—  -  0.79  I.I;  'j-  -  0.12  -  0.10; 

According  to  foxaula  (7-59)  is  constructed  noaograa  XX  for 
deteraining  the  fin  ducts. 

^-44.  In  subsequent  poiats/iteas  of  present  section  is  stated 
general/coaaon/total  aethodology,  uhich  can  be  used  for  calculating 
heat  transfer  in  nonstandard  finaed  eleaents/cells. 
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For  the  ducts  (plates/slahs) #  with  finoeds  froa  one  or  both 
sides,  the  coefflcieot  of  heat  transfer,  in  reference  to  the 
fa  11/tot a 1/co a pi ete  surface  fret  the  gas  side,  is  expressed  bj  the 
foraula 


1 

up 


nfira.i'V  '*nc  :pad. 

w 


(7*60) 


Key:  (1).  kcat/s^  hour  deg. 


Page  46. 

In  this  forsula  and  •!«,-  the  given  heat-transfer 

coefficients  froa  external  (gas)  and  insides  in  contrast  to  that 

indicated  in  p.  7-41  consider  the  heat  transfer  through  the 

layer  of  pollution/contaiination.  In  the  presence  of  edges/fins  only 
froa  the  gas  side  instead  of  should  be  substituted  dz  - 

beat-transfer  coefficient  frea  the  internal  surface  of  wall  to  the 
heating  aedlua.  In  the  calculaticns  of  econoiizers  by  the  tera,  which 
contains  a.z,  they  disregard. 

7-45.  Given  heat-transfer  coefficient  frea  gas  side  ‘■I.,  depends 
on  value  sj  -  heat-transfer  coefficient  froa  washing  aediaa  to  wall 
and  theraal  resistance  of  edges/fins  and  contaainating  layer. 


For  the  finned  beating  surfaces  the  heat  eaission  by  the 
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radiation/enission  of  ccafaustioa  pcoducts  is  not  considered; 
therefore  oi-v  where  ccnwection  heat-transfer  coefficient 

for  the  finned  surfaces  cf  different  configuration,  determined  in  p. 
7-47,  tcaX/n^h  deg. 

The  thermal  resistance  of  edges/fins  depends  on  their  thickness, 
fora  and  coefficient  the  heat  ci  ccnductance.  in  the  forms  also  of 
the  coefficient  of  thermal  ccnductiwity .  In  fees  of  edge/fin  they  are 
safadivided  into  two  types:  with  the  straight/direct  and  cylindrical 
bases/bases.  The  first  include  the  edges/fins  on  the  flat  surface  and 
longitudinal  edges/fins  cn  the  cylindrical  surface;  here  are  added 
transverse  external  edges/fins  on  the  ducts,  which  have  the  fera  of 
the  elongated  oval.  The  second  include  circnlar  and  square  cross  ribs 
on  the  circular  ducts. 

Value  referred  to  the  full/tot al/coaplete  surface  from  the 

gas  side,  is  determined  from  to  the  formula 

'  r  x"-  1 

•|  L  H  *'*■*■«  J  I  + 

KKaAjM? 'iac  zpad.f^i  (7-61) 

Key:  (1).  kcal/m*  hear  degflwhete  ^  the  ratio  of  the  surface  of 
edges/fins  to  the  f ull/tctal/co tplete  surface  from  the  gas  side. 

For  the  circular  ducts  with  the  circular  edges/fins 
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for  the  circular  ducts  with  the  square  edges/fios 


2 


— U,785 


^.1-^-  the  ratio  of  the  sections  of  lifting  surface,  not 
occupied  with  edges/fins,  to  the  f ull/total/coaplete  surface  froa  the 
gas  side;  B  -  coefficient  of  the  efficiency  of  edge/fin,  detereined 
in  depending  on  the  fora  of  edges/fios  and  paraaeters  and  0/d  in 

noaogran  ZXl; 


0  >  diaaeter  of  circular  or  side  of  square  edge/fin,  a; 


d  diaaeter  of  the  carrying  duct,  a; 


and  ‘pa-  height  and  average/aean  thickness  of  edge/fin,  a; 


•pa-  step/pitch  of  edges/fios,  a; 


coefficient  of  the  thecaal  ccnductivity  of  the  aetal  of 
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edges/flns,  kcal/a  hour  d«g: 

|j  >  coefflcieat,  which  coasiders  the  effect  of  the  broadening  of 
edges/flns  to  the  basis/base :  it  is  deterained  on  noaograa  XXI  in 
depending  on  and  1/ .  where  hpt  and  thickness  of 

edge/fin  in  periphery  and  basls/fcase; 

coefficient,  which  considers  nonunifera  by  basis/base 
coefficient  '*■  take  as  the  egaal  to  0.9,  for  the  edges/fins  with 
cylindrical  basis/base  -0.85; 

t-  contaainaticn  factor,  deterained  cn  Section  of 
present  paragraph,  a^h  deg/kcal. 

7-46.  Given  heat-transfer  coefficiett  frea  air  side  (referred  to 
fnll/total/coaplete  surface  cf  inside)  when,  froa  this  side, 

edges/fins  are  present,  is  deterained  also  according  to  foraula 
(7-61).  Contaalnation  factor  >  takes  as  egcal  to  zero. 

7-47.  Convection  heat-transfer  coefficient  with  flow  of  banks  of 
tabes  with  cross  ribs  is  deterained  froa  following  foraulas: 

for  corridor  bank  cf  tubes  with  circular  edges/fins. 
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1,-0.104 

K«y :  (1)  . 


I'ff 


,  \-^),54  L  -^),I4  \®.73 

j  ftaAlM*  <iac  zpad-. 


kcal/B*  hoar  deg 


<7-62) 


for  the  checkered  bank  cf  tabes  with  the  circular  edges/fins 


-  ^  1 

f  “  1 

1  , 

~3,I4  /im9 

1  v/ 

0,223 

1 

'  1 

\ 

1  .  . 

Key:  (1).  kcat/e<  hoar  deg. 


Page  47. 

For  the  recalculaticn  to  the  ducts  with  the  sguare  edges/fins  it 
is  necessary  to  aaltiply  heat-transfer  ccefflcient,  calcalated  for' 
the  circular  edges/fins  (with  the  diaeeter.  egual  to  the  side  of 
square  edge/fin) .  by  ccefficieot  of  0.92. 

d  -  outside  diaaetet  (transverse  sise/diiension)  of  carrying 
dact«  a; 


height  of  cdge/fin«  a. 


The  reaaining  designations  are  the  saae  as  in  foraula  (7-54). 


According  to  foraulas  (7-62)  and  (7-63)  are  constructed 
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ooBograas  XXII  and  XXlll. 

7-48.  Convection  heat-transfex  coefficient  with  course  cf  flow 
in  duct  with  internal  longitudinal  edges/fins  is  defined  just  as  for 
coBBon  case  of  longitudinal  flan,  cn  foxnola  (7-33)  or  noBogtaa  IV. 

E)  the  contaainatlon  factors  and  use  of  a  heating  surface. 

7-49.  In  tenperature  range  of  gases  of  characteristic  ones  for 
convective  heating  surfaces,  ash  of  solid  fuels  usually  possesses 
friability  and  ash  deposits  on  ducts  depend  cn  gas  velocity,  run  of 
pipes  (checkered  or  corridor),  diaieter,  spacings  between  tubes 
(checkered  or  corridor),  diaeeter,  spacings  between  tubes  and 
fractional  coaposition  cf  ash,  which  is  contained  in  coabustion 
products. 

7-50.  Contaainatlcn  factors  of  plain-tube  transversely 
streanllned  bundles  for  solid  fuels  (besides  wood)  *  are  deterained 
frca  to  foraula 

.  =  HOI-  ipadlKijfi.i.  (T-64) 

Key:  (1).  hour  deg/kcal. 

where  <0-  Initial  contaninaticn  factor,  depending  on  gas  velocity, 
run  of  pipes  in  the  bundle  (checkered  or  corridor)  and  for  the 
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checkered  bundles  -  froi  the  relative  longitudinal  pitch  of  ducts, 
the  deterained  on  nosogtaa  XII,  a^  hour  deg/kcal; 

c,-  correction  for  diaacter,  deterained  cn  noaograa  XII; 

Ctf-  correction  fcr  the  fractional  coaposition  of  ash, 
characterized  by  value  -  by  the  content  of  particles  by  the 
size/diaension  of  aore  than  30  aicrons  is  deterained  froa  the 
foraola 

FOOTKOTe  The  given  below  xeccaaendations  are  based  on  the 
investigations  of  nonblcwn  bundles.  Ontil  data  finding  about  the 
effect  of  blasting  should  be  also  in  the  presence  of  blowing  devices 
used  the  saae  reccaaendations.  EBDFOOTMOTE. 

In  the  absence  of  the  reliable  data  about  the  fractional 
coaposition  of  the  ash  of  the  fuel/propellant  used  values  are 

accepted  according  to  the  data  cf  noaograa  XII. 

Falues  >  for  different  types  of  the  heating  surfaces  coaprise: 

first  stages  of  econoaizecs  and  single-stage  econoaizers  at  low 
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tea  pe  cat  ares  of  gases  *  (9-<4ui»*c)-i.-u: 


the  second  steps/stages  ot  econoalzers  and  single-stage 
econoalzecs  with  **>40C^C«  hoilec  bundles  and  transition  zones  of 
si ngle- pa sss  boiler  - 0.002; 

the  developed  boiler  beans  of  low-povec  reactors 

superheaters  " o-ou^/ 


POOtnOTB  During  the  ccsbustioa  of  ASh  values  <.  for  the 
surfaces^  situated  after  the  basic  superheater,  increase  by  0.002. 
BSDPOOtHOIE, 


7-51.  For  bundles  in  uhich  pact  of  ducts  staggered,  and  part  - 
in  corridor,  contaainatlcn  factor  is  calculated  separately  for  each 
part  of  bundle  (but  on  average  speed  in  beaa)  and  is  neutralized 

e 

according  to  to  foraula 


H, 


maM 

‘stss 


■fi~~  «*  zpadlKnaA.  0) 

(7-65) 


•r.. 


Key:  (1).  hour  deg/kcat. 
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If  th«  surface  of  heating  the  ducts,  arranged/ located  in  the 
checkered  (corridor)  order,  exceeds  8So/c  of  entire  heating  surface, 
then  entire  bundle  is  designed  as  checkered  (corridor). 

Vith  the  sized  transverse-longitudinal  flow  of  plain-tube 
bundles  the  ccntaainaticn  factors  are  detersined  separately  for  the 
transversely  and  longitudinally  unshed  sections  by  the  average 
speeds,  found  for  each  of  the  sections  individually,  and  then  they 
are  neutralized  according  to  the  forsula,  analogous  forsula  (7-65) . 

The  contasination  factors  of  the  longitudinally  washed  sections  are 
detersined  until  the  refinesent  according  to  the  sane  data,  as  with 
the  transverse  flow. 

7-52.  Contasinaticn  factor  of  banks  of  tubes  with  cross  ribs  is 

detersined  in  depending  on  gas  velocity  on  ncsogras  ill. 

For  the  standard  cast  iron  finned  economizers  TsKKB  and  7TI  it 

Is  advisable  to  use  heat-transfer  coefficients  determined  directly 
from  nomogram  XVI.  • 

7-53.  The  coefficients  of  contamination  for  heating  surfaces  which 
are  not  exposed  to  blowing  during  combustion  of  liquid  and  gaseous  fuels 
and  wood  are  taken  from  the  following  Table 


10 


ro 

Ton.iM«o 

T 

/  s 

5' 

Tv 

• 

cS 

IM 

•i 

t  3  ■ 

(-  s  a 

y  jk  3 

c  *•« 

»>  y  ^ 

Mi.yr  .  .  y,  . 

npitpoaHMA  raa  /  U, 
ilpeoeciioe  Ton<nHROf^S’ 

ilOMCHIIIilft  H  KOKC4- 

nufl  rasM  .  (,9)  .  . 

1 

0,015.0,015 

0,005(0,005 

0,0IO|0,UO8 

0,001!j0,00.1 

0,020 

n,co5 

0,012 

0,002 

0,025 

0,010 

0.020 

0,001 

r'dy:  (1).  Fuel,  (2).  Boiler  clusters.  (3)«  Superheaters.  (4).  Smooth-tube 
waste  gas  heaters.  (5).  Cast-iron  ribbed  v.’aste  ~as  heaters.  (6).  Fuel 
oil.  (7).  Natural  gas.  (3).  V/ood  fuel.  (9).  Blast-furnace  and  coke  gases. 

3 

FOOTNOTE  .  Experimental  data  on  the  coefficients  of  contamination  are 
extremely  limited  for  combustion  of  fuel  oil  and  gases  and  not  available 
for  wood  combustion.  The  recommended  values  are  approximate  and  are  relatec 
to  stack  gas  velocities  not  exceeding  15  m/s.  ENDFOOTNOTE. 


7-54.  For  combustion  of  a  mixture  of  fuels  or  for  alternate  buriiing 
of  different  fuels  the  coefficient  of  contamination  is  determined  from 
data  for  the  most  contaminating  fuel.  For  example,  with  combined 
combustion  of  blast«fttrnace  gas  and  coal  dust  the  contamination  factor 
both  for  the  case  of  combustiag  dust  and  for  the  case  of  combusting  gas 
is  determined  on  p.  7-50,  lee.,  according  to  the  data  for  the  solid  fuel. 
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7>55.  Coefficients  cf  use  cf  air  preheaters  and  fin  econoeizers 
are  accepted  on  following  table: 


1  BoiayxonoAorp^fTeJiN  | 

4*  a 

Ton.iHao 

fo 

i 

i 

a.  J 

u  a 

• 

e  «• 

e  T 

s  w 

Z  X 
>«  a, 

ts 

r  ^ 

i| 

c 

Bee  Ton.iiioa.  Kpo-  | 
Me  yKaiaHKbix  , 

IIHNCe  .  .  1 

0,75 

1 

0,85  1 

0,80 

0.80 

Majyr  .  CH  .  .  . 

0.65 

0.75 

0,70 

0.70 

npNpojHbiA  rai  H  , 
AfMflecuoe  ron> 
AHBO  .  .  . 

i 

0,70 

1 

0.80 

0.70 

0,70 

Key:  (1).  Pue  1/propellant.  (2).  Air  preheaters.  (3).  tubular.  (4). 
laeellar.  (5).  cast  Iren  finned.  (6).  Pin  econoeizers.  (7).  All 
fuels/propellants,  except  those  indicated  below.  (8).  Petroleua 
residue.  (9).  Natural  gas  and  wood  fuel/propellant. 

7>c.  The  teaperature  head. 

7-56.  Teaperature  head  At,  i.e.,  averaged  all  over  heating 
surface  difference  in  teaperatures,  which  participate  in  heat 
exchange  of  aedla,  depends  on  aatual  direction  cf  action  of  aedia.  If 
the  teaperature  of  one  aediua  within  the  Halts  of  the  heating 
surface  does  not  change,  then  in  all  cases  the  teaperature  head  does 
not  depend  on  the  autual  direction  of  the  acticn  of  aedia. 

7-57.  Everything  said  below  about  effect  of  autual  direction  of 
notion  of  participating  in  heat  exchange  aedia  relates  to  case  of 
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coapacatively  snail  chaa^a  ia  aatar  equivalent  *  of  each  of  then 
within  liaits  of  heating  surface. 

FOOTROTB  *.  The  water  egoivaleat  it  is  called  the  product  of  the 
consuaption  of  water  [?J  to  its  beat  capacity.  ENOPCOTNOTB. 

This  condition  virtually  is  iapleaented  in  all  surfaces  of  heating 
boiler  aggregates/units,  with  exception  cf  high-pressure  superheaters 
(it  is  sore  than  125  iaigage))  and  with  the  high  initial  huaidity  of 
vapor*  transition  zones*  and  alsc  "boiling*  econoalzers*  on  which 
subsequently  are  given  the  necessaty  indications.  In  these  all 
surfaces  water  equivalent  changes  due  to  a  change  in  the  state  of 
aggregation  or  considerable  change  in  the  heat  capacity. 

7-58.  Connection*  in  which  both  aedia  on  entire  way  wove  in 
parallel  towards  each  ether*  is  called  "countercurrent*.  Then*  but 
during  action  of  both  aedia  to  cne  side,  is  called  "direct  flow".  The 
teaperature  head  for  beta  diagraas  is  defined  as  log  aean  teaperature 
difference  according  to  the  fcraula 

"C.  (7  66) 

where  difference  in  the  tesperatures  of  the  transferring  heat 

aedia  in  that  end  of  the  surface  of  heating  where  it  is  acre  than  ^C; 
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M,-  difference  in  tiie  tee^eratures  at  ether  end  of  the 
sarface,  °C. 

■hen  the  teapexature  head  vith  sufficient 

•*‘e 

precision/accuracy  is  defined  as  a  aean  arithnetic  difference  in  the 
teeperatures  according  tc  the  fcraula 

St  -  »  0  -  <  ‘C  (7-67) 

Mhere  a  and  t  *  aean  ten(eratures  cf  both  aedia,  **C. 

The  teaperatare  head  for  all  cases  ahen  teaperature  of  cne  of 
the  aedia  over  the  heatisg  surface  is  peraanent,  also  is  designed 
froa  foraula  (7-66)  or  (7-67). 


7-59.  ht  any  final  teaperatures  greatest  possible  teaperature 
head  is  reached  with  ccuntercurrent.  saallest  -  with  direct  flow.  All 
other  connections  lead  to  the  ictexaediate  values  of  the  teaperature 
head.  Therefore^  if  is  satisfied  tie  conditict 


temperature  head  for  any  complex  scheme  of  connections  can  be 


determined  from  the  formula 

Si  .  ^  •“’***-  'C,  (7^9) 

■vhere  -w,,.  and mean  temperature  heads  calulated  In  accorcanoe 


v;lth  cL 

7-60 


ven  final  temperature  for  cases  o 

.  Ace  given  below  indications  in 


accer  dance 


with  calculation 
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of  teaporature  head  for  diagraas,  different  frca  pure/clean 
countercurrent  and  direct  flou. 

In  these  cases  are  distinguished  the  diagraas  vlth  parallel  and 
crosscurrents  of  the  eachangcd  heat  aedla.  The  first  include  diagraas 
Mith  the  consecutive  and  parallel-alxed  currents. 

Page  49. 

The  teaperature  heads  for  these  diagraas  are  deterained  froa  the 
foraula 

where  converslcs  factor  froa  the  countercurrent  diagraa  to 
the  aore  coaplicated,  deterained  in  the  noaograas  (see  below); 

-  the  teaperature  head  with  the  countercurrent .  deterained 
for  prescribed/assigned  final  teaperatures  of  bctb  aedia, 

7-61.  By  diagraa  with  ccnsecutive-aized  current  is  called  such, 
in  which  heating  surface  consists  cf  two  secticns,  connected  in 
series  on  both  aedia;  apcn  transfer  of  one  section  the  secondly 
changes  autual  direction  of  aoticn  of  both  aedla. 


On  this  diagraa  with  the  different  coabinations  of  sections  are 
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lapleaented  th«  sap«chc«t«cs  aod  «conaaizers. 

For  tha  diagrams  ol  coosacQtive-mlxed  cacrent,  shown  on  BH  7-07, 
the  value  of  conversion  factor  >  is  determined  cn  ncmogram  XIII. 

These  diagrams  are  characterized  h^  the  fact  that  the  sections  with 
lower  temperature  of  bcth  media  ace  combined;  in  this  case  in 
diagrams  the  I  and  II  first  part  (on  the  course  of  the  beating  medium 
-  gases)  is  connected  cn  the  direct  flow,  and  the  second  -  on  the 
countercurrent,  in  diagram  Ill  -  vice  versa. 

For  the  use  of  nomogram  1111  it  is  necessary  to  calculate  three 
dlaenbionless  determining  parameters; 


^  • 

|7-?l) 

(7.M» 

where  and  H  -  surfaces  of  heating  direct-f lo w/raa jet  section  and 

full/total/complete,  a^; 

r|  and  Tx  '  full/tctai/cosplete  drops/juips  in  the  tempecat ares, 

®C; 


for  diagrams  I  and  II  T|=4*-a"; 


-t'; 


F/e  13/1 


r: 


AD-A085  %67 

UNCLASSIFIED 


F0ftEX6N  TECHN0L06Y  DIV  MISHT*^ATTeRSON  AFB  OH 
THERMAL  DESXSN  OF  BOILER  UNIT  (STANDARD  METHOD) »(U) 

APR  ao 

FTD-ID(RS)T-04ll-aQ 


NL 
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for  diagrao  III  T,at»*  -t*;  t,** *-•••. 

The  designations  c£  tesferataxes  are  given  on  the  diagraes* 

Hoaogras  XIII  cannot  be  applied  for  calculating  the  heating 
surfaces,  connected  in  the  diagraes  of  a  consecutive-eixed  current, 
distinct  froB  those  indicated  on  it.  The  curves,  given  on  the 
noBograa,  cannot  be  extrapolated.  At  the  values  of  the  deteraining 
paraeeters,  which  eeerge  bejond  the  Units  cf  nceograe,  and  also  at 
the  differing  diagraes  of  consecutive-eixed  current  the  calculation 
of  the  teeperature  head  is  cenducted  separately  for  the 
countercurrent  and  dlrect-f Icw/rae jet  sections. 

7-62.  By  diagrae  with  parallel-eixed  current  is  called  such,  in 
which  heating  surface  consists  cf  several  sections,  connected  in 
series  on  one  of  eedia  (eultipass)  and  in  parallel  -  on  another 
(sing le- pass) .  For  calculating  the  teeperature  head  it  is 
unieportant,  is  single-pass  the  heating  or  heating  eediue. 

Different  diagraes  of  parallel-eixed  current  ace  shown  on  BB 
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Covfficient  ''■>  fox  th«>  is  deterslned  cn  nosogras  XIT, 

aoceoTor  differont  lines  of  tiio  loft  half  nosegras  ars  used 

for  the  corresponding  connection  schemes. 

curve  1  -  for  the  diagxass  uith  tvo  courses  of  sultipass  aediua, 
Boreover  both  courses  «itb  the  direct  flew  with  respect  to  the 
single-pass  nediua; 

are  curve  2  -  for  the  diagraas  with  three  courses  of  sultipass 
■ediua,  froa  which  two  with  the  direct  flow  and  one  with  the 
countercurrent  with  respect  to  the  single-pass  aediua; 

ace  stralght/dicect  3  -  for  the  diagraas  with  two  courses  of 
sultipass  aediua  of  which  one  (uniaportantly  which  -  the  first  or  by 
the  second)  with  the  ccontercurcent,  and  another  with  the  direct  flow 
with  respect  to  the  single-pass  aediua;  line  3  is  used  also  for 
calculating  the  diagraas  with  any  even  quantity  of  courses  with  an 
equal  quantity  of  the  ccuntercuccent  and  direct-flow/raa jet  courses; 

curve  4  -  for  the  diagraas  with  three  courses  of  sultipass 
aediua,  froa  which  tvo  with  the  countercurrent  and  one  with  the 
direct  flow  with  respect  to  the  single- pass  aediua; 

are  curve  5  -  for  the  diagraas  with  two  courses  of  aultipass 
aediua,  aoceover  both  courses  with  the  countercurrent  with  respect  to 
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straight-through  sedius. 

coefficient  >>  for  the  diagrans  with  the  odd  quantity  of 
courses*  greater  than  three*  takes  as  the  equal  to  the  half-sua  of 
values  of  f,  on  curved  3  and  i  or  3  and  4*  in  the  dependence  on  that 
by*  that  of  what  courses  greater  -  direct  or  countercurrent. 

For  the  use  of  nosogran  11?  it  is  necessary  to  calculate  two 
dieensionless  paraaetern: 


where  9*  and  t*  -  initial  teepeiatures  of  heating  and  heating  nedia* 
®C; 


'r,-  f ull/'total/ccaplete  teaperature  differential  of  that 
aediun  where  this  drop/juap  is  greater  than  the  teaperature 
differential  of  second  aedi.ua  '%•  of  *C. 

Page  50. 

7-63.  Woaograa  XIT  is  constructed  for  condition  for 


•  t'  4*^  ..(Wi'-e*  - ^ 
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£all/total/coapl«te  lixiiig  ct  siagla^pasa  aadioa.  Th«  satting  op  of 
tha  longitudinal  vails,  vhich  divida  singla-pass  aadiun  into  tha  in 
paxallal  cucrant  nonniscibla  flcvs,  sonavhat  incraasas  tha 
tanparatura  hand.  But  vith  ,  this  increasa  is  insignificant  and 

nonogcaa  it  is  possible  to  usa  foe  all  cases  regacdlass  of  tha  fact, 
thaxa  la  a  partition  or  not. 


Nonograa  XIT  is  constructed  for  tha  conditions  of  equality  tha 
surfaces  of  heating  different  ceursas.  By  sufficient  for  tha 
calculation  precisian/accuracy  it  it  is  possible  to  use  and  for  those 


cases  vhen 


vbera  and  surface  of  beating  anti-  and  direct-flov/ran jet 

of  tha  parts  *  of  n*. 


FOOTNOTE  *.  If  values  ^  exceed  the  lisits,  given  in  tha 
inequality,  coefficient  of  *  for  the  diagrans  with  tvo  courses  by  the 
nultlpass  of  tha  nadia  (cna  -  countercurrent  and  the  second  - 
direct-flow)  is  datarnlned  fros  tha  foraula 


where  )  BFBFOOIIOIE. 
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BHOFOOTHOtB. 

7-64.  oiagraa  with  crosscarcaot  *  is  callad  sach,  with  which 
diractlons  of  flows  of  hcth  asdia  are  autuallj  intersactad. 

POOTNOTB  >.  To  diagraas  with  crosacarrant  relate  sach«  whose  aaabar 
of  coarsas  does  not  exceed  four.  Osaally  with  a  larger  noaber  of 
coarsas  these  diagraas  ate  conaidexad  as  anti-  or  direct-f low/raa jet. 
CHDPOOTROTB. 

The  taaperature  head  fox  crosacocrant  depends  in  essence  on  a 
quantity  of  coarsas  and  total  antaal  direction  of  the  flows  of  nedia 
(straight/direct  or  coantercoxxent) . 

Nixing  conditions  in  the  liaits  of  courses  and  between  the 
courses  at  the  walues  cf  coefficient  *>0.85  weakly  affect  the  value 
of  the  teaperature  head.  Since  the  use/application  of  surfaces 
-<(0.8-  [text  aissing]  is  recoaaended,  the  conditions  for  aixlng 
daring  the  deter alnaticn  of  the  teaperature  head  for  cxosscurrent 
during  the  construction  cf  neaegraa  are  accepted  for  all  cases  of 
calculating  the  eleaents/cells  cf  boiler  aggregates/units  Identical: 
both  nedia  in  the  liaits  of  courses  are  not  aixedf  but  nixing  occurs 
only  between  the  courses.  Since  even  with  the  air  circulation  or 
gases  in  the  interpipe  space  occurs  only  very  insignificant  nixing  in 
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the  perpendicular  to  flow  direction^  this  generalization  of  aizing 
conditions  is  coapletelj  adsissihla. 

Coefficient  ^  is  deter ained  cn  noeograe  17,  aoreoeer  different 
lines  of  its  left  half  are  used  for  the  appropriate  nuaber  of 
courses,  naaely: 

the  curve  I  •  fer  once  crosscurrent; 

straight  line  2  >  fer  tucfcld  crosscurrent; 

curve  3  >  for  threefold  crcsscurrent; 

curve  4  >  for  foucfcld  ccocscurrent . 

For  the  use  of  noaegraa  preliainarily  ace  calculated  the  sane 
diaensionless  pacaaeteca,  as  at  the  in  parallel  sized  current: 


where  -  full/tot al/ccaplete  teaperature  differential  of  that 
aediua  where  this  drop/juap  is  greater  than  a  drop/juap  in  second 
aedioa  v  of  >C; 
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4*  and  t*  -  Initial  tenparatufes  of  heating  and  heating  aedia, 

«C; 

yfis  can  be  seen  froa  the  designation  of  the  values,  entering  the 
detecaining  paraaeters,  there  is  no  need  for  distinguishing  the 
conditions  of  airing  by  that  heating  and  the  heating  aedia. 


7-65.  Noaograa  XT  is  suitable  for  calculating  diagraas  with 
repeatedly  crosscurrent  only  in  general/coaaon/total  countercurrent 
autual  flow  direction.  In  the  general/cosaon/total  direct-f low/raa jet 
direction  in  terns  of  the  obtained  values  of  paraneters  P  and  B  is 
designed  teaperature: 

„  (7.77  > 

^  ^  I  • 


where  n  -  a  nuaber  of  courses  in  designed  beat  exchanger. 


By  value  Pj  and  value  of  paraaeter  B  with  the  help  of  curve  I  of 
noaograa  XT  is  deternlned  coefficient  of  for  entire  heat  exchanger. 


7-66.  Lines  of  noaograa  XT,  intended  for  deter aining  teaperature 
head  with  repeatedly  crosscurrent,  are  constructed  for  case  of 
equality  surfaces  of  heating  different  courses.  However,  for  those 
cases  when  the  surface  of  heating  separate  courses  is  separated  not 
aore  than  to  20o/o  and  is  this  case  specific  according  to  the 
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DOBograa  for  the  entire  heating  surface  coefficient  <^>0,90.  it  should 
he  used  this  noaogran. 

In  the  presence  of  the  larger  dlsagreesent  of  the  surfaces  of 
heating  different  courses  or  at  the  saaller  value  of  coefficient  the 
calculation  of  the  teaperature  head  is  ccndocted  separately  cn  the 
sections  (see  Section  7-67) . 

Sections  are  separated  in  such  a  way  that  in  the  lisits  of  each 
of  then  the  surfaces  of  courses  would  be  identical  or  they  differed 
not  Bore  than  to  2O0/0.  liter  this  the  teaperature  heads  for  each 
section  are  deteralned  on  the  corresponding  curved  noaograa  XT* 

Page  51* 

7-67.  8hen  connecticn  of  heating  surface  differs  iron  those 
ezaained  earlier  and  is  cot  satisfied  the  condition 

calculation  of  teaperature  head  is  produced  on  individual  sections  of 
heating  surface.  In  this  case,  just  as  during  the 
conclusion/derivatlon  of  average/aean  teaperature  head  for  the 
disaantled/selected  diagraas,  the  coefficient  of  heat  transfer  within 
the  liaits  of  the  heating  surface  is  received  as  constant.  Being 
assigned  by  the  value  cf  interaediate  teaperature  of  one  of  the 
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■adia,  should  ba  to  dataxaiaa  fxoa  tha  eguaticn  of  haat  balanca  tha 
coxxaspondiag  to  it  taapaxataxa  of  tha  sacond  aadiaa,  also,  accoxding 
to  thasa  taapaxataxas  dasignad  tha  taapaxataxa  haads  fox  sactlons. 

Tha  coxxactnass  of  tha  aalactiox  of  intaraadiata  teapaxatucas  is 
datexainad  by  satisfactico  of  tha  condition 


Qj  il,H, 


(7-7S) 


vhaxa  and  Q2  *  haat  ahsoxpticns  of  aach  saction  par  1  hg  of  one  of 
tha  aadla,  datarainad  taking  into  account  the  intaraadiata 
taapaxataxa  accaptad,  kcal/kg; 


H  and  ht  >  with  xcapact  tc  tha  haating  snrfaca  and  tha 
calculatad  taapaxataxa  haads  of  aach  saction,  a^  and  <*C. 


iftax  tha  salacticn  of  intaraadiata  teiparatures  is  datarainad 
avaxaga/aaan  fox  tha  antiia  haating  surface  tcapaxatura  head 
according  to  tha  for  aula 


=•  H,-r  11,  ^ 


(7-7U) 


7-68.  In  casas  of  consider able  changes  in  haat  capacity  cf  one 
of  aadia  (saa  saction  7-57) ,  and  also  change  ef  state  of  aggregation 
of  aediun  within  Units  of  designed  surface  of  haating  (considerable 
change  in  heat  capacity  cf  vapor  at  high  pressuxa,  transition  fxoa 
preheating  to  avaporaticn  and  fxoa  avapoxatlcn  to  suparhaating) 
iaaadiata  dataralnatioo  cf  taapaxature  head  fcr  entire  heating 


V' 
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surface  from  final  teapeiaturas  leads  to  considerable  error.  Hethod 
of  calculation  in  this  case  is  the  detersinatlon  of  the  tesperature 
heads  for  each  of  the  sections  in  which  total  heat  capacity  is 
received  as  constant,  with  the  subsequent  averaging  of  these  pressure 
heads  according  to  the  fcraula 


.Q,  +  0,  +  ..* 

-2.  + ft.  ^ 

i/,  ^  ■ 


(7-80) 


where  Q  -  heat  absorptiens  of  sections  on  1  kg  of  one  of  the  aedia 
kcal/kg; 


At  >  the  tesperature  heads  in  the  sections,  <*c. 


In  certain  cases,  indicated  below,  with  variable/alternating 
heat  capacity  of  one  of  the  ledia  it  is  possible  to  use  the 
sisplified  aethods  of  calculating  the  tesperature  bead. 

7>69.  For  econoaiaers,  in  which  water  is  partially  vaporized 
("boiling**),  connected  cn  countercurrent  and  working  with  vapor 
content  of  steaa^water  aizture,  which  eaerges  froa  econoaizer, 
x$30o/o,  sufficient  for  calculation  precision/accuracy  of 
deteraination  of  tesperature  head  is  obtained  with  substitution 
instead  of  final  tesperature  cf  water  of  conditional  tesperature 

j  ■■  (7-81 ) 
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where  quantity  o£  beat*  spent  on  vaporization*  in 

reference  to  1  kg  of  passing  through  econoaizer  water*  kcal/kg; 

<  f/ 

t  -  enthalpy  of  steaa-water  aixture  cn  output/yield  froa 
econoaizer*  kcal/kg; 

i,„-  enthalpy  c£  boiling  water  at  pressure  in  drua*  kcal/kg; 

-  boiling  point  at  this  pressure*  °C. 

The  applicability  of  this  siaplified  aetbod  of  calculation  is 
Halted  by  the  specific  saallest  values  of  a  difference  in  the 
teaperatures  of  gases  and  water  for  the  "cold**  end  of  the  econoaizer 
or  its  separately  designed  step/stage  at  the  prescribed/assigned 
teaperatures  of  water  at  the  entrance  into  the  econoaizer  and  a 
pressure  in  the  boiler,  it  the  values  of  a  difference  in  the 
teaperatures  at  the  "cold"  end  than  less  indicated  in  the  given  below 
table*  the  calculation  of  the  teaperature  head  aust  be  carried  out  in 
sections. 
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1  «I4 

1 

yi* 

TeunepaTyp*  BoaM  npn  baom  a  gaceaBTuaaejiyio  cTyn«HB 

IKOHOMBlJCpil  1',  *C  .  lO)  ■  . 

HaiMCHbioa*  paaiiocTb  reifnepcryp.  '‘C  fljl . 

1 

>20 

>100 

100-^139 

>150 

l40-i-l79 

>110 

>180 

>80 

Key:  (1).  Pressure  in  teller  p,  ata(abs.)«  (2).  Teaperature  of  water 
upon  entrance  into  designed  step/stage  of  eccnoeizec  t*,°C.  (3). 
Saallest  difference  in  teaperatures  of 

Page  52. 

7-70.  Superheaters  or  their  separately  designed  steps/stages 
with  high  Initial  huaidity  cf  steaa  (after  acistening  in  steaa 
cooler)  when 

(7.82), 

*/1/  *« 

one  should  design  noraally,  without  talcing  into  account  initial 
huaidity  of  steaa. 

In  equation  (7-82)  (I'-i)  -  the  huaidity  cf  steaa  entering 

superheater;  r  -  heat  of  vaporization  kcal/lig;  and 

enthalpy  of  overheated  and  wet  steaa,  hcal/kg. 


If  superheater  the  two-stage  and  teaperature  head  of  first  stage 
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is  designed  separately,  tatisiaction  of  condition  (7-82)  should  be 
checked  for  this  step/stage.  Hith  the  nonobseruance  of  condition 
(7-82)  the  teaperature  heads  cf  tha  sections  c£  evaporation  and 
superheating  are  designed  separately  and  they  ace  neutralized 
according  to  foraula  (7-60). 

If  condition  (7-82)  is  not  satisfied  in  the  superheaters, 
connected  on  the  dlagcaa  of  consecutive- sized  current,  calculation 
according  to  the  sectiens  is  produced  as  follcus. 

Praction/poctlon  I  of  the  direct-f low/caa jet  surface  (see  p 
7-61)  in  the  section  of  superheating  approxiaately  is  detecained 
according  to  the  expression 


where  8  -  a  surface  of  heating  entire  superheater,  a^. 

Further,  by  the  final  teapexatures  cf  gases  and  steaa  for  the 
section  of  superheating  deter aine  paraaeters  F,  B  and  teaperature 
head  at  the  countercurrent.  Using  coaograa  ill,  is  found  coefficient 
of  '  and  they  deteraine  the  teaperature  head  for  the  section  of 
superheating. 


If  paraaeters  p  and  B  for  the  secticn  of  superheating  exceed  the 
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Uaits,  encoapassed  by  tba  cucvas  cf  noacgraa  of  the  XIII,  the 
calculation  teaperature  head  in  this  section  is  conducted  separately 
for  both  courses  accorditg  to  the  interaediate  teaperatures  of  gases 
and  steaa.  After  the  selection  cf  interaediate  teaperatures  is 
designed  froa  foraula  (7-79)  average/aean  teaperature  head  fer  the 
first  (on  the  steaa)  course  of  superheater  and  froa  foraula  (7-78) 
they  check  the  correctness  of  the  selection  of  teaperatures  between 
the  courses.  In  the  case  of  the  accperforaance  of  condition  (7-78) 
sake  aore  precise  these  teaperatures. 

The  averaging  of  the  teaperature  heads  fer  the  sections  of 
superheating  and  evaporation  is  produced  according  to  foraula  (7-80). 

The  calculation  of  the  teaperature  head  in  superheater  with  the 
high  initial  huaidity  cf  steaa,  connected  accerding  to  the  diagraa  of 
parallel-nixed  current,  is  produced  analogous  aethod.  During  the 
calculation  of  such  superheaters  it  is  in  parts  conditionally 
accepted  that  the  flue  is  divided  between  the  courses  by  longitudinal 
baffles,  and  the  relaticn  of  the  gas  flows  on  the  chosen  parts  of  the 
flue  is  equal  to  the  relaticn  cf  the  surfaces  of  heating  the 
corresponding  courses,  ihe  coefficients  of  beat  transfer  for 
different  courses  are  received  as  identical  cues.  For  the  calculation 
are  assigned  the  value  cf  teaperature  of  steaa  between  the  courses. 

By  this  value  and  known  teaperatures  of  steaa  on  the  entrance  into 
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the  superheater  and  the  output/jiald  froa  it,  and  also  the 
teaperature  of  the  gases  before  the  surface  they  are  deterained  fxca 
the  equation  of  the  balance  of  the  value  of  the  teaperature  of  gases 
after  each  course. 

After  the  calculaticn  of  the  teaperature  heads  for  the  separate 
courses  the  correctness  c£  the  value  of  inteciediata  teaperature  of 
accepted  steaa  is  checked  using  equation  (7-76) .  The  teaperature  head 
for  the  course,  which  consists  c£  the  evaporative  and  superheater 
parts,  is  designed  frca  fcraula  (7-80). 

7-71.  For  calculating  teaperature  head  in  superheaters  cf 
high-pressure  boilers  cx  their  parts  at  pressure  of  steaa  is  above 
125  Aa(9a9e)  and  superheating  in  designed  part  it  is  aore  than  for 
120^C  over  saturation  teaperature,  one  should  divide  superheater  in 
two  sections,  carrying  in  fraction/ port ion  cf  the  first  (on  course  of 
steaa)  of  1/3  fullAotal/coaplete  heat  absorptions  of  superheater.  On 
the  tables  of  appendix  11  is  deterained  the  teaperature  of  steaa  on 
the  boundary/interface  cf  sectiens  and  on  it  froa  the  equation  of 
balance  -  teaperature  of  gases.  The  teaperature  heads  of  sections  are 
averaged  according  to  the  foraula 

ii,  ■ 

If  this  superheater  is  connected  on  the  diagraa  of  consecutive 
with  parallel-alzed  current,  the  calculation  cf  the  teaperature  head 
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should  b«  conductod  fox  sach  coursa  iadividually,  accopting  boat 
capacity  of  staaa  in  tba  liaits  of  the  course  by  constant,  ox 
eaploying  procedure,  analogous  that  presented  fox  such  superheaters 
in  p.  7-70. 
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Page  S3. 

Chapter  Bight. 

BBCOMaSHOATZOIfS  BBGABDIHO  XHB  ffOCBDOBB  OP  CALCOLATIOB  OP  BOILBB 
A6GBB6ATB/0NIT. 

8- A.  Indications  about  ccder  and  seguence  of  calculation. 

8-01.  During  rational  design  of  boiler  aggregate/unit  or  its 
separate  eleaent s/cells  hf  prescribed/assigned  teaperatures  cf  floe 
gases  and  heating  aediua  are  deterained  values  of  heat  absorption  of 
each  eleaent/celly  after  uhich  are  designed  teaperature  head  and 
coefficient  of  heat  transfer  and  froa  equation  of  heat  exchange 
(T-OI*^  is  located  Talue  cf  surface  of  heating. 

8-02.  Verifying  calculation  of  boiler  aggregate/unit  or  its 
separate  eleaents/cells  is  sore  general  case,  since  even  during 
planning  of  new  aggregates/ units  surface  of  heating  separate 
eleaents/cells  is  deterained  by  general/coaaon/total  layout 
considerations  and  subsequent  verifying  calculation  it  is  aade  nore 
precise  their  heat  abscrpticn. 


DOC  «  30041103 


PICS 

During  the  Yerifyieg  calculation  of  entire  aggregate/unit 
unknowns  are  not  only  the  intaraediate  teaperatures  of  flue  gases  and 
heat'transfer  agent,  but  also  the  final  teaperatares  of  stack  gases, 
preheating  of  air  and  -  soaetiaes  -  superheating  vapor.  For  executing 
the  calculation  it  is  necessary  to  be  assigned  by  these  teaperatures 
and  to  aake  more  precise  their  lethod  of  successive  approziaations. 

During  the  verifying  calculation  of  separata  convective  surfaces 
are  assigned  usually  the  teaperatuie  and  the  enthalpy  of  each  of  the 
transferring  heat  aedia  cnly  at  one  end  of  the  heating  surface.  For 
deteraining  enthalpy  of  both  aedia  at  the  second  end  it  is  necessary 
to  be  assigned  by  the  value  of  heat  absorpticn  and  to  aake  sore 
precise  its  aethod  of  successive  approxinatiens. 

Since  the  executlcn  of  successive  approziaations  aost  of  all 
coapllcates  calculation  and  increases  the  expenditure  of  tiae  for  it, 
are  given  belcw  soae  reccaaendations  about  order  and  sequence  of 
calculating  the  separate  convective  surface  of  heating  and  entire 
aggregate/unit  as  a  whole  in  connection  with  tore  coaplicated 
verifying  calculation. 

8-03.  Calculation  of  boiler  aggeegate/unit  aust  ensure  necessary 
precision/accuracy  of  deteraination  of  basic  paraaeters,  first  of  all 
of  teaperatures  of  superheated  steaa  and  stack  gases. 


•• -i  ^  ‘ 


DOC  =  80041103 


Pl«8 

Ooring  the  estiaaticn  of  the  cbtaiaable  accuracy  of  calculation 
one  should  consider  that  sose  values,  which  lie  at  the  basis  of 
calculation,  in  particular  th«  ccefficleots  of  heat  transfer,  are 
deterained  with  coaparatively  large  errors. 

The  recoaaended  precisioo/accuracy  of  calculation  aust  be  based 
on  conbined  analysis  of  its  desirable  and  obtainable  accuracy.  This 
analysis  shows  that  during  the  thoraal  design  sufficient 
precision/accuracy  of  ccaputational  operations  is  ensured  by 
calculation  with  the  help  of  the  slide  rule  with  a  length  of  25  ca. 
Proa  the  saae  analysis  escape/ensue  the  led  in  chapter  8 
recoaaendations  about  the  necessary  precision/accuracy  of  successive 
approziaations  with  calculation  of  separate  flues  and  aggregate/unit 
as  a  whole. 

Execution  of  calculation  with  the  precision/accuracy  of  larger 
than  gives  the  slide  rule,  and  achieveaent  cf  the  higher 
precision/accuracy  of  successive  approziaations,  than  it  is 
recoaaended  below,  to  allow/assnae  one  ought  not,  since  this  does  not 
change  the  precision/accuracy  of  final  results  and  only  increases  the 
voluae  of  coaputational  «ork. 
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8>04.  Duclag  TeElfjring  calcalation  of  convcctiva  surface 
prelialaacll;  is  estlaated  unknoaQ  final  teapexature  and, 
consequently,  also  enthalpy  of  cse  of  aedia  asd,  solving  together 
equations  of  heat  balance  (see  section  7-02) ,  deter aine  those 
corresponding  to  teaperature  accepted  heat  absorption  of  surface  and 
final  enthalpy  of  second  aediua.  After  this  is  designed  the 
coefficient  of  heat  transfer  and  the  teaperature  head  and  according 
to  the  equation  of  heat  exchange  (7-01)  deteraine  value  the  heat 
absorptions  of  the  surface  of  heating,  in  reference  to  1  kg  (1  na^) 
of  fuel/propellant. 

If  the  obtained  froa  the  equation  of  heat  exchange  value  of  heat 
perception  q„  kc^l/kq  it  differs  froa  specific  according  to  the 
equation  balance  kcal/hg  not  acre  than  by  2o/c  (soaetiaes, 
indicated  in  the  subsequent  sections,  it  is  acre) ,  the  calculation  of 
surface  is  not  aade  note  precise.  As  the  final  values  of  teaperatures 
and  heat  absorptions  arc  considered  those  which  entered  into  the 
equations  of  balance. 

In  the  presence  of  the  disagreeaent  between  both  values  of  heat 
absorption  and  q».  of  larger  the  liait  indicated,  they  take  the 
new  value  of  final  teaperature  and  repeat  the  calculation,  when 
selecting  this  teaperature  and  repeating  the  calculation  should  be 
been  guided  the  given  below  indications. 
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If  vith  the  first  approxiaaticn  valoe  proved  to  be  tore  than 
the  heat  absorption,  detersined  according  to  the  agnation  of  balance 
Qe.  the  valne  of  final  teaperataxe  for  the  second 
approziaation/approach  is  cacaived  by  such  so  that  the  difference 
between  the  teaperatnrea,  fine  gases  at  the  entrance  and  the 
ontput/yiald  would  be  acre  than  with  the  first  approziaation,  and 
vice  versa. 

For  the  second  apprczlnaticn/approach  it  is  expedient  to  select 
the  value  of  teaperatnre,  differ  iron  that  accepted  with  first 
approzlaation  is  not  acre  than  by  SO^C.  In  this  case  the  coefficient 
of  heat  transfer  counted  over  should  not  be  in  view  of  its  saall 
change.  Should  be  to  count  over  only  the  values  of  the  teaperature 
head  and  again  solved  the  eguaticns  of  balance  and  heat  exchange. 

Even  if  after  the  second  approziaation/approach  the  disagreeaent 
between  values  v.  and  Q*  proves  to  be  note  than  the  liait 
indicated,  actual  teaperature  is  Iccated  without  the  subsequent 
approziaation/approach  with  the  help  of  linear  interpolation. 

Page  54. 
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Interpolation  can  be  carried  out  analytically  or  graphically. 


During  analytical  interpolation  computed  value  of  the  unknown 
final  tenperature  will  ta  deterained  froi  the  eguality 


(8-01) 


indices  I  and  II  relate  respectively  to  the  first  and  second 
approziaations/a pproaches. 


The  order  of  the  deteraination  of  the  unknown  value  of 
tenperature  v'  by  the  method  of  graphic  interpolation  is  clear  froa 
fig.  7. 


If  deterained  by  the  aethod  of  interpolation  computed  value  of 
teapierature  differs  froa  that,  on  which  was  deterained  the 
coefficient  of  heat  transfer,  not  aore  than  on  50**C,  then  for  the 
teraination  of  the  calculation  of  necessary  according  to  this 
tenperature  to  aake  more  precise  only  heat  absorption  and  unknown 
tenperature  of  the  heat'-absorbing  aediua  Crcn  the  equation  of 
balance.  In  the  presence  of  the  larger  disagreeaent  it  is  necessary 
according  to  this  tenperature  to  repeat  calculation,  including  the 
deteraination  of  the  ccefficient  of  heat  transfer  and  tenperature 


head 
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8-05.  Calculation  of  aggrasata/unlt  as  a  whole  with  single-stage 
layout  of  tail  heating  aorfaces  is  recoaaendad  to  conduct  in  this 
sequence. 

Prelialnarily  are  eatiaated  the  teaperatures  of  stack  gases  and 
preheating  of  air.  By  the  teaperature  of  stack  gases  accepted  they 
are  deter ained  loss  with  the  shack  gases  and  taking  into  account  the 
reaaining  losses  the  efficiency  of  aggregate/unit,  while  on  the 
latter  -  a  fuel  consuaption. 

After  this  is  designed  the  teaperature  of  gases  at  the 
output/yleld  froa  the  heating  and  are  'further  -  by  successive 
approxiaations  -  the  subsequent  heating  surfaces  to  the  econcaizer. 

The  calculation  of  beat  perception  cf  eccncaizer  is  produced 
also  by  aethod  of  successive  approxiaaticns.  Known  in  this  case  is 
the  teaperature  of  gases  at  the  entrance  intc  the  econoalzer,  which 
was  deterained  froa  the  calculaticn  of  the  previous  heating  surface* 
and  the  teaperature  of  water  at  the  entrance  into  the  econoaizer.  By 
calculation  are  deterained  tie  teaperatures  of  gases  and  water  after 
the  econoaizer. 

In  the  calculation  cf  air  preheater  knewn  are  the  teaperature  of 
gases  at  the  entrance*  deterained  froa  the  calculation  of  econoaizer* 
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and  the  teeperatute  of  the  aix«  supplied  to  the  aggregate/unit  (in 
general  -  cold).  By  aethcd  of  successive  appECxisations  are 
detersined  the  tesperatcxes  of  stack  gases  and  hot  air. 

If  the  obtained  as  a  result  of  calculaticn  teaperatuce  of  stack 
gases  differs  froa  that  accepted  in  the  beginning  of  calculation  not 
aoce  than  by  >10^0,  and  the  teaperature  cf  hot  air  -  is  not  sore  than 
on  ♦hO^C,  the  calculation  of  heat  exchange  in  the  boiler  is 
considered  coapleted  and  the  obtained  teapexatures  by  final  ones, 
since  the  following  approxiaaticn/approach  can  refine  then  only 
2-3°C.  aith  the  error  in  estiaaticn  of  the  teaperature  of  the  heated 
air,  which  reaches  t'o  40«c,  the  outlet  teaperature  of  the  heating 
will  be  changed  not  aore  than  on  ±10**C,  which  virtually  will  not 
affect  the  results  of  calculating  the  subsegnent  heating  surfaces. 

For  the  teraination  of  calculation  are  aade  aore  precise  taking 
into  account  the  obtained  value  of  the  teaperature  of  stack  gases  the 
heat  loss  with  the  stack  gases  the  efficiency  of  aggregate/unit  and 
the  fuel  ccnsnaption.  Fuxther,  in  teras  cf  ccaputed  value  of  the 
teaperature  of  hot  air  and  by  that  deteriining  in  the  basic 
calculation  the  teaperature  of  gases  at  the  output/yield  froa  the 
heating  is  aade  aore  precise  according  to  foriulas  (6-06) -  (6-C8)  the 
heat  absorption  of  the  teaa-receiving  surfaces,  in  reference  to  1  kg 
of  fuel/propellant. 
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After  the  reflneeent  of  balence  values  is  deterained  the 
calculated  discrepancy  of  the  heat  balance  of  aggregate/unit 
according  to  the  foriola 


he?  -  Q;  l,..  - (0^  4 -^  +  (J„  r  <3„)  (|  -  ]^)  (8-02) 

Key:  (1).  kca'1/kg. 

where  and  quantities  of  heat,  taken  c"  1  kg  of 

fuel/propellant  by  the  beae-receiving  surfaces  of  heating,  by  boiler 
bundles,  superheater  and  econoeizer,  kcaVkg;  Into  the  foraula 
substitute  the  value  theaseives  of  heat  absorptions,  deterained  frea 
the  eguatlons  of  balance. 

The  value  of  discrepancy  with  the  correct  execution  of 
calculation  is  close  to  zero  and  in  any  case  lust  not  exceed  0.5o/o 
froa  <?? 

If  the  specific  as  a  result  of  calculatlcn  teaperature  of  stack 
gases  differs  froa  that  accepted  is  the  beginning  of  calculation  aore 
than  to  ♦10*’C  or  dlsagreeaent  between  taken  and  coaputed  values  of 
the  teaperature  of  hot  air  of  aore  than  ^40^C,  calculation  east  be 
repeated.  For  the  repeated  calculation  are  assigned  by  the  new  values 
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of  the  teaperatores  of  stack  gases  and  hot  aic,  equal  to  found  of  the 
first  calculation  or  by  close  ones  to  then,  in  the  dependence  on  that 
occurred  during  the  first  calculation  the  disagreeaents  of  these 
values. 


I 

I 
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Pig.  7.  Graphic  dataralaa-tion  of  calculated  teapecatare 

Key:  (1)  .  kcaX/kg. 


Page  55, 


If  the  disagreeaent  of  the  values  of  the  teaperature  of  the 
stack  gases,  accepted  with  the  first  and  second 

appcozlaatlons/appcoaches,  leads  tc  a  change  In  the  calculated  fuel 
consuaptlon  not  aore  than  to  2c/c,  the  coefficients  of  heating  with 
the  second  approxlaaticn/appcoacii  on  are  counted  over;  they  are  aade 
aore  precise  only  the  value  of  teaperatures,  teaperature  heads  and 
heat  perceptions  through  entire  channel  *. 

POOTKOTE  *.  When  for  the  deteraination  of  the  characteristic  of 
aggregate/unit  are  necessary  to  perfora  several  verifying 
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calculations  to  dlfforent  boilac  eatings.  It  Is  possible  to  aanage 
without  successive  approxlaatloos,  the  systea  of  characteristic  for 
the  coefficients  of  evapcratlcn,  net  prescribed/assigned,  but  which 
were  deteralned  froa  the  calculations  according  to  the  aethod  HEI 
(for  ezaaple,  see  T.  Kh.  Hargulcva.  Layout  and  theraal  calculation  of 
boiler  unit,  Gosenergoizdat,  1956)  .  BHDPCOTIIOTB. 

8-06.  Order  of  calculation  with  two-stage  layout  of  tall  heating 
surfaces  reaalns  In  basic  the  saae,  as  it  Is  shown  In  p.  8-05.  Belcw 
are  stated  Its  only  necessary  changes. 

After  the  calculation  of  all  surfaces  of  beating, 
arranged/ located  according  to  the  course  gases  to  the  second 
step/stage  of  econoalzer,  known  is  only  the  teaperature  of  gases  at 
the  entrance  into  this  step/stage. 

FOOTNOTB  Sequence  of  steps/stages  in  all  cases  is  deteralned  in 
the  course  of  heating  aediua.  BADFOOTHOTB. 

It  is  necessary  to  assign  the  value  of  the  enthalpy  of  water  at  the 
cutput/yleld  froa  the  accnoaizec.  For  its  rough  estiaete  is  ccaprlsed 

the  following  equation: 

<»  -  ^  (i«  +  W.  +  0. + <?«>  (8-a))  I 

where  enthalpy  of  the  superheated  steaa  before  aaln  steaa 


DOC  a  80041103 


DiCB 

catch,  kcal/kg: 

o„-  flow  rate  c£  the  water  thcoagh  eccnoeizec,  kg/h; 

heat  perception  of  the  surface/skin  steae  cooler,  cooling 
water  froe  which  Is  supplied  Into  aconoaizec,  kcal/kg. 

If  the  heat,  taken  away  fros  the  vapor  in  the  stean  cooler,  is 
transaitted  to  water  or  steas-water  aizture  after  the  econonizer, 
then  into  forsula  (8-0  3)  it  is  not  introduced.  Besaining 

designations  -  the  sane  as  in  fornula  (8-02) . 

On  found  in  this  way  enthalpy  i"  is  deteiained  the  temperature 
of  water  at  the  output/yield  fros  the  econoeizer.  According  to  this 
tesperature  and  known  teiperatuze  of  gases  at  the  entrance  is 
designed  by  nechod  of  successive  approziaations  the  second  step/stage 
of  econonizer. 

The  tesperature  of  gases  at  the  entrance  into  secondary  air 
heater  is  known  fros  the  calculation  of  the  previous  heating  surface. 
The  calculation  of  this  step/stage  is  conducted  according  to  the 
value  of  the  tesperature  of  hot  air,  accepted  in  the  calculation  of 
heating. 
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The  calculation  of  first  stage  of  aconosizec  is  conducted 
according  to  the  known  fzon  the  calculation  of  the  previous  heating 
surface  tenperature  of  gases  and  pzescribed/assigned  to  teaperature 
water  at  the  stage  inlet.  B]  aethod  of  successive  approziaaticns  are 
deterained  the  teaperatures  of  gases  and  water  for  outpot/yield  frca 
the  designed  step/stage  cf  eccaoalzer.  The  in  general  obtained 
teaperature  of  water  at  the  output/yield  of  first  stage  will  not 
coincide  with  the  designed  previously  value  of  the  teaperature  of 
water  for  the  entrance  into  the  second  step/stage. 

The  calculation  of  first  stage  of  air  preheater  is  conducted 
according  to  known  froa  the  calculation  previous  surface  to  the 
teaperature  of  gases  and  to  the  prescribed/assigned  teaperature  of 
air  at  the  inlet  Into  the  air  preheater.  By  aethod  of  successive 
ap pro ziaat ions  are  deterained  the  teaperatures  of  stack  gases  and  hot 
air  for  output/yield  frca  the  designed  step/stage.  In  general  these 
teaperatures  also  do  net  coincide  with  that  accepted  in  the  beginning 
of  calculation  by  the  teaperature  cf  stack  gases  and  specific  earlier 
teaperature  of  the  heated  air  by  the  entrance  into  secondary  air 
heater. 

If  the  specific  as  a  result  of  calculaticn  tenperature  of  stack 
gases  differs  froa  that  accepted  in  the  beginning  of  calculation  not 
tore  than  by  ♦10<*C  and  slaultaneously  the  discrepancy  between  the 
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iatttcaadiate  valacs  of  tha  taafoxatares  of  water  and  air»  deterained 
fcoa  calculation  of  both  steps/atages  of  econcalzec  and  air 
preheater*  do  not  exceed  ^lO^C  each,  the  calculation  of  heat  exchange 
in  the  boiler  is  considered  fisished.  At  conclusion  of  calculation 
are  aade  aore  precise  balance  values  and  is  deterained  the 
discrepancy  of  balance  according  to  indications  p.  8-05. 

If  the  obtained  teaperature  of  stack  gases  differs  fcoa  that 
accepted  not  aore  than  by  ilO^C*  bat  any  of  the  discrepancies  between 
the  intecaediate  values  cf  the  teapecatures  of  water  and  air  exceeds 
♦lO^C,  it  is  necessary  tc  repeat  the  calculation  of  econoaizer  and 
air  preheater.  In  this  case  in  contrast  to  the  previous  calculation 
the  second  steps/stages  of  econoaizer  and  air  preheater  ace 
calculated  by  accepted  teapecatoces  of  water  and  air  at  the  entrance; 
the  values  of  these  teapacatuces  take  as  the  equal  to  the  outlet 
teapecatuces  froa  first  stages*  deterained  with  the  first 
appcoxlaatlon. 

Hlth  the  deviation  cf  that  obtained  as  a  result  of  calculating 
the  teaperature  of  stack  gases  fees  that  accepted*  larger  »10<’C* 
should  be  repeated  the  calculation  of  entire  aggregate/unit  in 
accordance  with  the  indications  p.  8-05.  It  should  be  the  teaperature 
of  preheating  air  accepted  close  one  to  the  value  which  would  be 
obtained  with  the  first  appeoxiaation*  if  to  the  deterained 
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tttaperatare  of  air  at  tha  output/yield  fxoa  first  stags  of  ths  air 
prshsater  incrsassd  ths  calculatsd  teapezaturs  diffsrsntial  of  air  in 
sscondary  air  heater. 

Ths  rscoBBsndsd  ssgusncs  alloss,  as  a  rale*  with  ths  execution 
of  calculating  ths  boiler  aggrsgate/unit  to  be  bounded  to  twe 
approxiaations/approaebss. 

Page  56. 

8-07.  In  course  of  conputation  considerable  difficulties  are 
caused  by  deteraination  c£  heat  absorption  of  different  additions., 
saall  heating  surfaces*  connected  in  parallel  or 

consecutl vely/serially  (cn  course  of  gases)  with  basic  surfaces  of 
heating  and  hawing  independent  designations/purposes  (wall  shields  in 
region  of  boiler  bundle  cr  screen  superheater*  suspension  ducts  of 
superheater*  outlet  pipes  of  econoiizers  on  walls  or  ceiling  of 
flues*  warned  water  flow  ducts*  etc.).  For  calculating  such  surfaces 
are  recoaaended  the  following  siaplif Ications. 

If  the  additional  heating  surface  cob prises  not  sore  than  4o/o 
basic  surface*  it  separately  is  not  designed*  but  it  is  included  in 
the  surface  of  the  tube  bank*  series-connected  with  it  on  the 


internal  aediua 
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In  such  cases  when  additional  surface  coaposes  4*10o/o  of 
surface  of  basic  flue,  the  calculation  of  its  heat  absorption  is 
produced  separately  on  the  gives  balow  indications. 

The  coefficient  of  heat  transfer  in  the  additional  heating 
surface  is  received  by  the  saae  as  foe  the  basic  surface,  without 
depending  on  design  of  beth.  Its  heat  absorption  is  estisated 
preliainatily  and  it  is  adjoined  tc  the  value  of  the  heat  absorption 
of  basic  surface  during  the  deteralnation  of  the  final  teaperature  of 
gases.  Testing  the  value  of  heat  absorption  accepted  is  produced 
taking  into  account  the  value  of  the  teaperature  head  in  the 
additional  heating  surface. 

The  teaperature  head  for  the  additional  surface,  situated  in 
parallel  (on  the  course  of  gases)  to  basis,  takes  as  the  egual  to 
difference  in  aean  teaperatures  of  gases  in  the  flue  and 
heat-transfer  agent  in  the  additional  surface. 

The  teaperature  head  for  ccnsecutlvely/serially  (on  the  course 
of  gases)  the  arranged/lccated  additional  surface  takes  as  the  egual 
to  difference  in  the  teaperature  of  gases  at  the  output/yield  froa 
the  floe  and  aean  teaperature  of  heat-transfer  agent  in  the 
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additional  surfaco. 

Is  alloved/assuMd  the  disagxeeaent  by  that  accepted  and  that 
deterained  of  the  valaes  of  the  heat  absorption  of  additional  sncface 
to  ilOo/o. 

The  surface  of  heating  the  ducts,  acranged/located  on  the 
bricking,  is  deterained  cn  their  half-periaeter,  with  exception  of 
the  cases  of  the  separate  calculation  of  cavity  eaission  (see  Section 
7-39)  . 


8-08«  Is  recoaaended  fallowing  order  of  arrangeaent  of 
calculation  data: 

1)  initial  data  in  accordance  with  assignaent  with  respect  to  p. 
1-04  or  1-05; 

2)  excess  air  on  flues; 

3)  voluaes,  voluae  fractions  Of  triatoaic  gases  and  enthalpy  of 
gases  and  air; 

4)  heat  balance  of  aggregate/unit  and  deteraination  of  fuel 


consuaption; 
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5)  calcolatiott  of  koatiog; 


6)  calculation  of  scallop  and  first  convection  bank; 


7)  calculation  of  supockaatsr; 


8)  calculation  of  ssbsegnent  toiler  bundles; 

9)  calculation  of  econcaizec; 

10)  the  calculation  of  the  air  preheater; 

11)  the  sueear;  table  of  basic  data  of  calculation  according  to 
the  aggregate/unit  as  a  ehole. 

8>B.  calculation  of  heating. 

8-09.  During  rational  design  voluee  of  heating  is  deter eined  by 
recom Bended  values  of  theraal  stress  of  furnace  cavity  (see  BB 
5-02-5-05) .  The  sizes/diaensiens  of  furnace  chaaber/caaera  are 
selected  in  accordance  with  the  recoaaendations  of  appendix  V. 
Further#  are  deterained  beaa-receiving  surface  //,  and  teaperature 
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of  gases  at  the  oatpat/yield  free  heating  ■''«  This  teapecature  Bust 
ensure  the  absence  of  slagging  the  heating  surfaces,  situated  after 
the  heating.  Its  value  should  be  selected  in  accordance  with  the 
recoaaendations  of  appendix  V.  Calculation  h,  and  is  conducted 

according  to  one  of  the  follouing  versions. 

The  first  is  characteristic  fer  the  boilers  of  the  saall  and 
average/aean  powers  when  according  to  the  working  conditions  cf 
heating  is  not  regnired  the  sclid  shielding  cf  network/grid.  In  this 
case  according  to  the  prescribed/assigned  teaperature  of  gases  at  the 
output/yield  froa  the  heating  ace  designed  sizes/diaensions 

tiith  the  second  version  of  calculation,  which  relates  to  the 
heatings  of  the  boilers  cf  the  large  power,  in  which  is 
accoaplished/realized  the  solid  shielding  of  networ k/grid.  according 
to  noaograa  I  or  for  aula  (6-04)  is  deter ained  value  If  this 

value  proves  to  be  that  above  peraitted.  it  is  necessary  to  provide 
an  additional  shielding  cr  an  increase  in  the  volnae  of  heating  for 
guaranteeing  the  required  degree  cf  colling  of  gases. 

During  the  verifying  calculation  by  the  prescribed/assigned 
strnctural/design  sizes/diaensiens  of  heating  and  shields  is 
deter  ained  also  the  outlet  teaperature  froa  furnace  chaaber/caaera  r.; 
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8>10.  Teaperatare  ci  gaaas  at  ootput/yleld  froa  heating  Is 
considarad  taaparatora  in  saction/cut  before  ducts  of 
arranged/ located  on  ootpnt/yield  froa  farnace  chaaber/caaera  rarefied 
scallop  or  bundle.  Only  vith  very  rare  run  of  pipes.  Only  with  very 
rare  run  of  pipes  when  step/pitch  in  the  width  of  floe  S|>4d  and 
sinultaneoosly  S2>6d,  as  the  calculated  is  considered  teaperature 
after  these  ducts;  in  this  case  the  f nil Aotal/coaplete  surface  of 
rarefied  runs  of  pipes  it  is  included  in  the  lean-receiving  surface. 

flhen  the  screen  heating  surfaces  are  present,  by  the  teaperature 
of  gases  at  the  output /yield  froa  the  heating  is  counted  the 
teaperature  before  screens.  In  accordance  with  this  in  the 
bean- receiving  surface  of  heating  is  included  only  the  surface  area, 
which  passes  along  the  axes  of  first  run  of  pipes  of  the  screen 
surfaces  (see  Section  4  cf  £8  6-03).  The  gas  voluaes  between  the 
screens  are  not  included  in  the  volune  of  heating. 

One  should  consider  that  in  the  presence  of  screen  surfaces 
given  in  appendix  the  V  aaxiaua  peraissible  according  to  the 
conditions  slaggings  of  the  teaperature  cf  gases  relate  to  the 
sectlon/cut  behind  the  screens. 
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Tor  the  low-poMer  xeactois  with  afterbuxocrs  of  the  teaperatare 
of  gases  at  the  ootpat/]field  fxos  the  heating  is  counted  the 
teaperatare  after  afterhcrner. 

8-11.  Beaa-receiving  surface  at  pcescribcd/assigned  outlet 
teaperatare  froa  heating  is  deterained  fcoa  ncaograa  I  or  foraula 
(6-03)  . 

Page  57. 

For  the  use  of  foraula  it  is  necessary  to  preliainarily  estiaate 
eaissivity  factor  of  heating  For  this  one  should  to  assign  the 

value  of  the  degree  of  the  shielding  of  heating  r.  to  deteraine 
eaissivity  factor  of  burner  also,  on  the  indication  RN  6-02 

deteraine  <i«.  After  the  deteraination  of  the  beaa-receiving  surface 
and  refineaent  of  the  sixes/ diaensions  of  heating  it  is  necessary  to 
test  conforaity  between  tentatively  accepted  and  obtained  as  a  result 
of  calculation  by  the  values  of  the  degree  of  the  shielding  of 
heating.  The  disagreeaent  of  these  values  aust  not  exceed  i5o/o  of 
calculated  value 

8-12.  Calculation  of  teaperatare  of  gases  at  output/yield  froa 
heating  with  prescribed/ assigned  structural/design  characteristics  of 
heating  is  produced  on  fcraula  (6-G4)  or  noacgraa  I. 
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For  thi t  on  the  dEaeinga  axe  deterained  according  to  paxagraphs 
13-6- 15  volane  and  beaa-xeceiving  surface  of  the  heating;  according 
to  foreala  (6- 10a)  or  (6>10b}  is  designed  the  degree  of  shielding, 
according  to  foraola  (6-13)  -  efficient  eaissivity  factor  of  flaae, 
on  RV  6-02  -  eaissivitf  factor  cf  heating.  The  aTorage/eean  total 
heat  capacity  of  coabastion  products  Kv,  is  deterained  froa  foraula 
(6-05)  .  For  deterainaticn  ««  and  preliainarily  are  assigned 

the  value  of  outlet  teaperature  fxca  the  heating.  If  specific  of  the 
noaograa  I  or  foraula  (6-04)  the  output  teaperature  of  gases  differs 
froa  that  accepted  acre  than  by  ilOO^C,  should  be  aade  aore  precise 
values  vc,,  and  in  teras  of  the  deterained  iron  the  calculation 

value  of  the  teaperature  of  gases.  After  this  is  deterained  the  value 
of  the  output  teaperature  of  heating. 

8-C.  Calculation  of  boiler  bundles  and  scallop. 

8-13.  Froa  calculation  of  beating  or  previous  heating  surface 
known  are  teaperature  and  enthalpy  of  gases,  which  enter  into 
designed  boiler  bundle. 

During  the  rational  design,  i.e. ,  during  the  deteraination  of 
the  necessary  surface  of  heating  bundle,  the  teaperature  of  gases 
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after  the  bundle  is  prescribed/ assigned.  During  the  calculation  of 
the  first  bundle  this  teaperatuie  aust  be  aatched  with  the  conditions 
of  guaranteeing  the  reliability  of  the  work  of  the  ducts  of  the 
superheater  (see  appendix  IV). 

During  the  verifying  calculation  the  teaperature  of  gases  after 
the  bundle  is  accepted  with  the  subsequent  testing  and  its 
refine aent. 

The  quantity  of  heat«  received  by  boiler  bundle  froa  the 
coabustlon  products  1  kg  or  1  na^  cf  fuel/prcpellant,  is  deterained 
according  to  the  equation  of  balance  (7-02). 

8-14.  Teaperature  head  in  all  cases  is  deterained  froa  foraula 
(7-66)  or  (7-67),  since  teaperature  of  heating  aedlua  is  perianent 
and  equal  to  boiling  pcint  at  pressure  in  boiler  barrel. 

nean  teaperature  of  flew  is  deterained  free  foraula  (7-25). 

By  the  calculated  teaperature  of  flew  are  deterained  froa 
foraula  (7-13)  average/aean  gas  velocities  in  the  sections  with  the 
longitudinal  and  transverse  flow.  Ihe  voluae  cf  the  products  of  the 
coabustlon  1  kg  (na^)  cf  f uel/pxopellant  is  substituted  with  the 
average/aean  excess  air,  in  the  bundle,  and  in  the  case  when  suction 
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in  the  first  bundle  takes  as  a^nal  to  zero,  with  the  excess  air  in 
the  heating. 

8-15.  fiith  transverse  flow  of  bundle,  forned  froa  ducts  of 
different  diaaeters,  according  to  fornula  (0-31)  is  deterained  aean 
diaaeter.  Hith  the  transverse  flow  of  checkered  bundles  with 
different  spacings  between  tubes  according  tc  foraula  (7-30)  are 
deterained  average/aean  steps/pitches.  Clear  cpening  for  the  pass  cf 
gases  is  deterained  frca  foraula  (7-18)  cr  (7-23) .  8ith  nixed  flow 
should  be  been  guided  the  indications  BN  7-03. 

8-16.  Convection  heat-transfer  coefficient  during  transverse 
flow  is  deterained  in  depending  on  shape  of  beaa  (corridor  or 
checkered)  on  noaograa  ll  or  111.  Curing  the  oblique  flow  around 
corridor  bundles  with  the  angle  between  the  flow  direction  and  the 
axes/axles  of  ducts  of  <80^  obtained  froa  noacgran  li  value  is 

Bultiplied  by  1.07  (see  Secticn  7-26). 

Convection  heat-transfer  coefficient  during  the  longitudinal 
flow  is  deterained  on  ncaograa  IV,  for  which  preliainarily  according 
to  foraula  (7-35)  is  designed  the  equivalent  diaaeter  of  flue.  Since 
in  such  cases  the  ratio  cf  path  length  in  the  section  of  longitudinal 
flow  to  the  equivalent  diaaeter  of  flue  is  usually  snail,  is 
necessary  to  consider  ccrrecticn  fer  relation  '  '' 
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Dorln?  the  eixed  flow  the  chteined  values  of  heat-traasfer 
coefficients  ace  neutralized  according  to  forsula  (7-39). 

Festoon,  forned  fro a  the  eixed  along  the  flow  gases  of  the  ducts 
of  shield,  is  designed  as  ccaaon  checkered  bundle. 

During  the  calculation  of  bundles  with  the  noticeable 
incoepleteness  of  the  sweep  of  gases  of  the  surface  of  heating  (for 
exaaple,  the  beaes  of  lew-power  reactors)  the  obtained  by  the  sethods 
indicated  convection  heat-transfer  coefficient  is  aultlplied  by  the 
coefficient  of  the  incoepleteness  of  flow  w,  deternined  on  the 
indications  RN  7-03. 

8-17.  For  deter  lining  radiaticn  heat-transfer  coefflciert  in 
intecplpe  space  of  bundle  prelialnarily  in  fcriula  (7-48)  or  (7-49) 
is  found  average /lean  ctlicient  thickness  of  radiation  layer. 

Spacings  between  tubes  ace  detersiced  by  the  real  distance  between 
centers  of  ducts  in  basic  part  cf  the  bundle  without  taking  into 
account  of  unit  breakage  or  gullets. 

Cavity  eaission  tc  the  bundles  is  net  considered. 
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8-18.  Throagh  indlcatioas  f.  7-38  is  located  aeao  teaperatare  of 
contaalnated  wall  of  ducts  of  fauadle.  In  for  aula  (7-50)  Is 
substituted  the  calculated  surface  of  heating  bundle  see  p. 

8-20. 


Then  in  values  'h.o*  |j  and  s  according  to  indications 
paragraphs  7-33  and  7-34  with  the  help  of  ncwcgrans  IX- XI  is  located 
heat-transfer  coefficient  by  the  interpipe  radiation/eaission  of 
conbustion  products. 

8-19.  On  noaogran  ill  is  deternined  contanination  factor  of 
surface  of  heating  bundle.  Coaputed  value  of  the  coefficient  of  heat 
transfer  is  found  by  fcraula  (7- 10b). 
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Page  58. 

8-20.  Since  heat  absoEption  of  heating  surface  from 
tadiation/eeission  of  heating  shaEpl;  raises  teaperature  of 
contaeinated  wall  of  ducts*  in  calcalaticn  of  first  bundle  and 
■festoon  it  is  accepted  that  heating  surface*  which  receives 
radiation/eeission  f roa  heating  (beaa-sensing  snrface  of  bundle) * 
does  not  participate  in  heat  exchange  by  convection  and  intertube 
radiation/eaission.  Thesefore  the  calculated  surface  of  heating  the 
first  bundle  is  defined  as  the  difference  between  the 
fu 11/t Ota 1/co aplete  and  faaa-ceceiving  surfaces  of  beating  bundle 
froa  the  aguality 

ffp-H-  11,^  (8.M) 

where  H  -  a  f ull/total/ccaplete  surface  of  beating  bundle*  a^;  r/.,  - 
its  beaa- receiving  surface*  as. 

Hith  a  nuaber  of  aeries/tcws  cf  bundle*  the  equal  or  larger  to 
five*  it  is  accepted  that  entire  beat*  which  falls  froa  the  heating 
to  the  bundle*  by  it  is  abscrbed.  Hith  a  saaller  nuaber  of 
series/rows  the  part  of  the  heat  is  passed  through  the  bundle  and  it 
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is  absorbed  by  the  subse^aeat  surfaces.  To  account  this  necessary  to 
deteraine  in  fornola  (6-12)  the  angular  coefficient  of  bean  x,„  and 
value 

>l.n  >»'.  (8-05> 


where  h,,  -  bean-receiving  surface  of  convection  bank  with  zsi,  n<. 

8-21.  Daring  rational  design  fron  fcrnula  (7-01)  is  deterained 
calculated  surface  of  heating  bundle,  which  participates  in 
convective  heat  exchange.  For  the  first  bundle  and  the  the 

full/total/conplete  heating  surface  will  be  deterained  fron  the 
equality 

+  **.  {8-06» 


8-22.  In  the  case  of  verlfjing  calculaticn  of  bundle  according 
to  equation  of  heat  transfer  (7-01)  is  deterained  quantity  of 
transaitted  to  surface  beating  of  beat,  in  reference  to  1  kg  (nn^)  of 
fuel/propellant. 


If  the  disagreenent  between  the  values  of  heat  absorptions, 
deterained  according  to  the  equaticns  of  balance  and  heat  transfer, 
does  not  exceed  2o/o  for  the  boiler  bundles  and  5o/o  for  the 

forned  froa  the  outlet  pipes  of  shields,  calculation  is  not 
Bade  Bore  precise. 


In  the  presence  of  the  large  disagreeaents  should  be 
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■anufactared  repeated  calculation  in  accordance  with  the  Indications 
p.  8-04, 

8.23.  Calculation  of  heat  transfer  in  screen  shields, 
arranged/ located  on  output/yield  froe  heating,  is  produced 
analogously  with  calculation  of  screen  superheaters  whose  sethodology 
is  presented  In  p.  8-38. 

8-D.  Calculation  of  superheater. 

8-24.  During  rational  design  of  superheater  quantity  of  heat  u.. 
kcal/kg,  which  auat  be  tiansaitted  In  superheater  on  1  kg  of 
fuel/propellant,  is  deterained  fxca  equation  ef  balance  (7-03a)  for 
prescribed/assigned  teeperatore  of  superheating  and  heat  absorption 
of  steaa  cooler  accepted. 

During  the  werifying  calculation  of  superheater  for 
detereinatlon  the  heat  abaorpticn  of  stean  cooler  (or  the 
teaperature  of  superheating)  is  accepted  with  the  subsequent  testinq 
and  the  reflneaent. 

If  on  the  superheater  falls  the  part  of  the  heat  of  radiation 
froa  heating  q,  kcal/kg,  this  heat  is  introduced  in  equation  (7-30a). 
Value  Q,  aust  be  deterained  with  consideration  the  angular 
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coefficient  of  the  arranged/ located  before  the  superheater  -^es-koovv 
and  variation  factor  heat  distribution  in  the  furnace  chaaber/caaera. 

In  the  presence  of  the  selection  of  the  saturated  stean  into 
fornula  (7-03a)  is  substituted  the  ezpenditure/consuaption  only  of 
superheated  stean 

The  huaidity  of  the  saturated  stean,  which  eaerges  froa  the 
boiler  barrel  of  conteaperary  ccnstructicn/design,  furnished  with  the 
noraally  working  steaa-aeparating  devices,  should  be  to  take  as  equal 
to  zero,  i.e.  enthalpy  of  stean  kcal/kg  taken  as  the  equal  to  the 
enthalpy  of  dry  saturated  steaa  i.,„  kcal/kg. 

Pinal  enthalpy  of  steaa  kcal/kg  is  found  through  the  tables 
of  appendix  II  for  the  given  cnes  cf  pressure  and  teaperature  of 
steaa  before  the  nain  catch. 

During  the  calculation  of  superheater  in  parts  the  heat 
absorption  of  the  designed  part  is  deter lined  by  the 
prescribed/assigned  or  taken  teaperatoras  of  steaa  at  the  ends  of 
this  part.  Design  pressure  on  the  boundary /interface  between  loose 
parts  of  superheater  takes  as  the  equal  to  the  half-sua  of  the  values 
of  pressure  in  the  boiler  barrel  and  before  the  aain  catch. 


DOC  «  aoo4ii04  Pica  ^3^ 

In  the  presence  of  steae  ccolers  the  calcolatlon  for  the  noalnal 
load  is  conducted  taking  into  account  their  icclusi on/connection.  Of 
recoaaendations  by  choice  the  heat  of  the  perceptions  of  steal 
coolers  see  p.  43  of  appendix  V.  Additional  indications  in  accordance 
with  the  calculation  of  superheater  during  the  setting  up  of 
different  stem  coolers  are  given  in  p.  8-39. 

8-25.  By  obtained  value  with  the  help  of  equation  (7-02)  are 
deterained  enthalpy  and  teaperatare  of  gases  after  superheater  or 
that  designed  separately  partly  it. 

If  in  the  flue  of  superheater  is  arranged/located  another, 
relatively  saall  surface  of  heating  (for  exaiple,  the  outlet  pipes  of 
econo ai ze r) ,  which  in  accordance  with  the  indications  p.  8-07  should 
be  designed  separately,  to  value  is  added  the  preliainarily  taken 
heat  absorption  of  this  surface. 

8-26.  Teaperatare  head  is  calculated  in  dependence  on  design  of 
superheater  and  autual  directicn  of  flows  of  gases  and  stem  in 
accordance  with  indications  of  paragraph  7-c. 

Page  59. 

8-27.  Further,  is  deterained  average/aean  stem  teaperature 


DOC  »  30041104 


“««  3l37 


according  to  focaula 


whora  C  *  taaparatttxo  of  staan  for  entrance  into  snparhaatar 

(dasignad  part)  and  ontpat/ field  froa  it,  <*c. 

dean  teaperature  of  the  flea  cf  gases  takes  as,  as  usaal,  the 
equal  to  aaan  arithaatic  valua  froa  tha  final  teaperatures. 

8-28.  Avaraga/aaan  gas  valocltias  in  sections  with  longitudinal 
and  transsarsa  flow  arcund  ducts  axa  daterained  froa  foranla  (7-13) 
for  avaraga/aaan  axcass  alt  in  flue  of  superheater. 

8-29.  Heat-transfer  coefficient  of  gases  by  convection  4.  with 
transverse  flow  is  daterained  on  acaograa  ll  or  III  in  depending  on 
type  of  bundle  (corridor  or  checkered). 

For  the  sections  cf  Icngltodlcal  flow  •.  it  is  daterained  on 
noaograa  IV.  Prelialnarily  according  to  foriula  (7-35)  is  designed 
the  equivalent  diaaeter  cf  flue.  Hith  the  aired  flow  obtained  values 
<.  are  neutralized  proportional  to  the  appropriate  heating  surfaces 
according  to  foraula  (7-39). 

8-30.  On  noaograa  ill  is  daterained  contaaination  factor  of 
superheater.  According  tc  foraula  (7-50)  is  daterained  aean 


0 
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teaparatar*  of  th«  contaalaatad  vail  of  saparhaatar.  In  tha  foraula 
substitatas  tha  valae  itsalf  q^.  falua  sz  is  datacainad  oa  tha 
indications  p.  8-32. 

8-31.  Raat-tcansf ec  coafficiaat  by  intertuba  radiation/aaission 
of  coabastion  products  is  dataxainad  on  noacgxaas  IX-XI.  Tha 
avaraga/aaan  afficiant  thicJcnass  of  radiation  layar  is  found  by 
foraula  (7-48)  or  (7-49)  in  dapanding  on  tha  diaaater  of  coils  and 
relativa  steps/pitchas.  Cavity  aaission,  arrangad/locatad  to  or 
within  tha  suparhaatar,  is  considarad  according  to  indications  p. 
7-39. 


Cavity  aaission*  locatad  aftaz  tha  suparhaater,  to  suparhaatar 
coils  is  not  considarad. 


8-32.  Haat-transfaz  coafficiaot  froa  wall  of  duct  to  steaa  in 
viaw  of  its  ralativaly  ssall  affact  on  value  cf  coafficiant  cf  hast 
transfar  can  ba  dataraincd  with  scaa  siaplifications. 


Tha  avaraga  spaad  of  staaa  in  tha  suparhaatar  is  dataxainad  froa 
tha  foraula 


oj  {'■> 
3  0007;;; 


Kay:  (1)  .  a/s. 
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vhera  D  -  ttzpandltarc/coasuaption  of  steaa  through  suparheataz,  kg/h; 
T  -  avaraga/Baan  spaclfic  voluaa  of  steaa  in  superhaatar,  aVkg. 

For  the  calculation  possible  to  conditionally  accept  v 

equal  to  specific  zoluBa  of  steaa  at  its  average/aean  teaparatura, 
rounding  this  teaparatuza  to  the  nearest  saallaz  ▼alua»  aultipla  of 
lO^C.  7alua  V  is  dataraitad  on  the  tables  of  appendix  II. 

Raan  prassuze  of  steaa  in  the  super heater  takes  as  the  equal  to 
the  half-suB  of  pcassurcs  in  the  dzua  and  before  the  aain  steaa 
catch. 


By  the  obtained  avezage/aean  values  of  pressure*  teaperature  and 
speed  of  steaa  and  tube  fore  is  deterained  frea  noaograa  the  V 
heat-transfer  coefficient  free  the  wall  to  steaa 

8-33.  According  to  foraula  <7- 10a)  is  deterained  coefficient  of 
heat  transfer  of  superheater.  In  the  foraula  is  substituted  the 
obtained  froa  noBograa  ill  value  of  cont aaination  factor. 

8-34.  During  rational  design  froa  foraula  (7-01)  is  found 
necessary  surface  of  heating  superheater. 


8-35.  Dorlng  verifying  calculation  according  to  equalization  of 
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heat  transfer  (7>01)  is  detezalned  heat  absorption  of  superheater.  If 
it  diverges  froa  the  value  of  heat  absorption,  calculated  according 
to  the  equation  of  balance  (7-02)  cr  (7-03a) ,  not  sore  than  to 
2o/o  (in  the  absence  of  steas  cooler  -  net  eore  than  to  3o/o) ,  the 
calculation  of  superheater  is  considered  finished,  but  its  beat 
absorption  takes  as  the  equal  tc  the  quantity  of  heat,  deterained 
fron  the  balance  according  to  fccaula  (7-02)  or  (7-03a) . 

If  dlsagreeaent  of  both  values  of  heat  absorption  is  sore  than 
the  Units  indicated,  it  is  necessary  to  repeat  calculation  in 
accordance  with  the  indications  p.  8-04.  In  this  case  the 
recalculation  of  the  coefficient  of  heat  transfer  is  produced  with  a 
change  in  the  final  teapexatnre  of  gases  note  than  on  SO^’C;  otherwise 
is  counted  over  only  teaperature  head.  Heat-transfer  coefficient  froa 
the  wall  to  steaa  Is  net  counted  over  in  all  cases. 

If  after  recalculation  the  dlsagreeaent  of  obtained  and  taken 
heat  absorptions  proves  to  be  sore  than  peraitted,  they  sake  aore 
precise  according  to  Indications  p.  8-04  the  final  teaperature  of 
gases.  By  this  teaperature  they  deteraine  froa  foraula  (7-02)  the 
heat  absorption  of  superheater  and  according  to  foraula  (7-03a)  aake 
aore  precise  the  heat  absorption  of  steaa  cooler  or  is  found  the 
teaperature  of  superheating. 
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S-JS.  If  with  calculaticn  cf  heat,  retarned  by  gases,  is 
connected  heat  absorption  of  additional  surface  of  heating  (see 
Section  8-25) ,  it  is  checked  after  calculation  of  superheater 
according  to  foraula 

— - -  KitaAiict.  (8-09) 

Key:  (1).  kcal/kg. 

where  H*  -  the  actively  washed  by  gases  additional  surface  of 
heating,  a^;  k  -  coefficient  cf  the  heat  transfer  of  superheater, 
kcal/a*  hour  deg;  d»t  -  teaperatura  of  gases  in  the  superheater  and 
of  heating  aediua  in  the  additional  surface  of  heating  (see  Section 
8-07)  ,  «C. 


8-37.  order  of  calculation  of  radiation  (wall)  superheaters 
following. 

The  heat  absorption  of  radiation  superheaters  is  defined  as  for 
the  coaeon  screen  surfaces,  over  the  bea a- receiving  surface  of 
radiation  superheater 

Page  60. 

The  average  specific  t hemal  load  of  the  beaa-recei ving  surfaces  of 
furnace  chaaber/caaera  is  detecained  froa  the  calculation  of  the 
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beating; 
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B.Q.  f'> 

»f  a»  - .KICaAjM*  tiac, 


Key:  (1)  .  kcal/e>  hour. 


where  ~  the  calculated  conaua^tion  of  fuel,  kg/h;  Q.  -  referred 

to  1  kg  of  f uel/propellant  guantity  of  heat,  transaitted  by 
radlation/ealssion  in  the  furnace  chaaber/caaera,  kcal/kg;  h,  - 
full/total/coaplete  beaa-receiving  surface  in  the  heating,  a^. 

In  depending  on  the  type  of  ccabustion  systea  and  location  of 
radiation  superheater  is  deterained  froa  foriula  (6-25)  the  specific 
theraal  load  of  the  beaa*receiviag  surface  of  latter  i,,- 


The  heat  absorption  of  radiation  superheater,  in  reference  to  1 
kg  of  fuel/propellant,  is  deteraiaed  froa  tha  foraula 

-  ~gj-  /CCkl  /k^  •  (8- 10) 

After  the  deteraination  of  the  heat  absorption  of  superheater 
froa  the  prescribed/assigned  enthalpy  of  steaa  at  the  entrance  they 
are  deterained  froa  the  cguation  of  balance  (7>Q3a)  final  enthalpy, 
also,  with  the  help  of  the  tables  cf  appendix  IZ  teaperature  of 
steaa. 


8-38.  Order  of  calculation  of  half-radiation  (screen) 
superheaters,  placed  in  exit  section  of  furnace  chaaber/caaera  in  the 
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fora  of  separate  strips/filas  with  large  traasverse  pitches,  differs 
little  froB  calculation  c£  convective  superheaters. 

Convection  heat-transfer  coefficient  for  the  screens  whose 
height  is  not  aore  than  the  height  of  the  output  window  of  heating, 
is  defined  on  noaograa  II  as  for  the  coaaon  corridor  bundle  with  the 
purely  transverse  of  flow.  Foe  the  screens,  caitted  into  heating 
chaaber/caaera  is  lower  than  the  output  window  of  heating,  convection 
heat-transfer  coefficient  is  designed  as  for  sized  flowing,  according 
to  foraula  (7-39) .  In  this  case  the  convection  heat-transfer 
coefficients  are  deterained  as  follows:  for  the  transversely  washed 
part  -  also  on  noaograa  ll,  for  the  longitudinally  washed  part  -  on 
noaograa  IV,  For  the  use  of  noaograa  IV  should  be  preliainarily 
according  to  foraula  (7-35)  calculated  the  equivalent  diaaeter. 

The  aethod  of  laying  out  in  the  sections  of  transverse  and 
longitudinal  flow,  and  also  deter ainat ion  of  calculated  clear 
openings  is  given  in  BH  7-03. 

The  efficient  thickness  of  radiation  layer  is  deterained  froa 
foraula  (7-47),  led  for  the  ccavenience  to  the  fora: 

»  — -j - - p  M,  (K-ll) 

7  +  T  +  T 

where  a,  b  and  c  -  height,  width  and  depth  that  of  single  chaaber, 
foraed  by  two  adjacent  screens,  a. 
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The  calculated  heatlag  sazlace  is  deteciined  free  foraula 
(8-04) ;  in  this  case  f ull/total/coaplete  surface  is  deteraiaed  on  the 
£ull/t Ota 1/co Bplete  periaeter  of  ducts. 

Contaaination  factor  is  defined  on  oonograa  XII  as  for  the 
convective  superheaters,  eith  the  nixed  flow  tj  gas  velocities  in  the 
appropriate  sections  are  deterained  the  contaaination  factors  for  the 
sections  of  transverse  and  longitudinal  floa  and  they  are  neutralized 
on  the  indications  p.  7-51. 

The  coefficient  of  heat  transfer,  in  reference  to  the  calculated 
heating  surface,  is  deterained  free  foraula  (7- 10a). 

The  teaperature  head  is  deterained  froa  foraula  (7-67)  as  a  aean 
arithaetic  difference  in  the  teaparat ures. 

8-39.  Presence  of  steaa  cooler  of  one  or  the  other  type  causes 
soae  special  features/peculiarities  of  calculation  of  superheater. 

During  the  setting  up  of  surface/stin  steaa  cooler  on  the  side 
of  the  saturated  steaa,  if  the  teat  absorpticn  of  steaa  cooler  by  the 
assigned  aagnitude  of  acistening  steaa,  enteclng  the  superheater,  X 
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kg/kg,  initial  enthalp;  cf  staaa  is  calcalatad  according  to  the 
foraula 

--*1  kco>.l/K^  (o-iz) 

where  r  -  heat  of  waporization  at  a  pressure  in  the  heller  barrel, 
kcal/kg. 

If  the  heat  absorption  of  steas  cooler  is  prescribed/assigned 
directly  by  the  quantity  of  heat,  loosened  by  1  kg  of  steas  to 
cooling  water,  initial  enthalpy  of  steas  is  calculated  according 
to  the  foraula 

The  adslssibllity  cf  the  diteralnation  of  the  teaperature  head 
in  the  superheater  without  the  account  tc  Initial  husldity  is  checked 
using  foraula  (7-82)  . 

During  the  setting  up  of  surface/skin  cr  spray-type 
desuperheater  "into  the  crosscut"  the  teaperature  bead  is  designed 
separately  for  both  parts  accerding  to  the  actual  teaperatures  in 
thea,  aoreower  are  considered  reductions  in  the  teaperature  and 
enthalpy  of  stena  upon  transfer  of  one  part  of  the  superheater  into 
another. 


The  heat-transfer  coefficient  can  be  taken  as  common  for  the  entire 
superheater. 

When  setting  the  spra^z-type  desuperheater  "in  the  cross  cut", 

the  steam  flow  rate  through  the  first  part  of  the  superheater  D' 

according  to  the  passage  of  the  steam  is  less  than  the  design  flow 

D 

rate  of  the  superheated  steamy^biz  the  amount  of  sprayed  water  The 
value  of  iiD  is  connected  with  a  reduction  in  steam  enthalpy  in  the 
desuoerheater  by  the  following  relationshios ; 

SD  ^  D — D'«£)--77“ — T”  MZlHoe:  (8«I4> 

—Ml  **«•*/«»# 

Key;  (1).  kg/h.  (2).  kcal/kg, 

where  i"  -  steam  enthalpy  on  the  output  from  the  first  part  of  the 

1 

superheater  according  to  the  passage  of  steam,  i.  e,,  on  entry  into 
the  desuperheater,  kcal/kg;  -  steam  enthalpy  on  exit  from  the 
desuperheater,  i.  e.,  on  entry  into  the  second  part  of  the 

sap«rheatec«  kcal/kg;  -  aothalpy  cf  tha  water,  sapplied 

to  the  steae  cooler,  kcal/kg. 

(fli . 

during  the  rational  deeiga  of  superheater  with  this  steaa  cooler 
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they  are  usually  assigned  by  teapecatuce  of  stean  at  the  output/yield 
froB  the  first  on  the  course  of  stean  of  the  part  of  the  superheater 
and  by  value  Reaainisg  balance  values  axe  deter ained  froa 
equation  (d->14)  and  equations  of  beat  balance  (7-02)  and  (7-03a) . 

During  the  verifying  calculation  at  first  is  designed  the  first 
on  the  course  of  gases  part  of  the  superheater.  If  it  is  first  on  the 
course  of  steaa,  then  be  assigned  is  expediently  to  preliainarily  by 
value  AD,  if  by  the  secccd  cn  the  course  of  stean,  then  are  assigned 
the  value 

Kith  the  bypass  daaper  ccntrol  with  the  passage  of  part  of  the 
gas  past  the  superheater  the  rational  design  is  perforaed  as  follows: 
by  the  prescribed/assigned  share  of  gases,  passing  through  the 
superheater,  are  deterained  the  enthalpy  and  the  teaperature  of  gases 
after  the  superheater  and  is  designed  its  heating  surface.  Rhen,  in 
the  bypass  flue,  the  heating  surface  is  present,  it  is  designed 
taking  into  account  the  passage  of  the  cerresponding  share  of  gases. 
After  this  according  tc  the  eguaticn  of  tiling  (7-07)  are  deterained 
the  enthalpy  and  the  teaperature  of  gases  at  the  entrance  into  the 
subsequent  heating  surface.  Verifying  calculation  is  recoaaended  to 
conduct  differently  in  depending  on  whether  there  are  or  there  are  no 
heating  surfaces  in  the  bypass  flue. 


DOC  »  80041104 


PA«B  ^ 

av/ 

In  the  first  case  the  calculation  of  the  heating  surfaces, 
situated  in  the  basic  and  bypass  flue,  is  ccnducted  according  to  the 
value  of  the  share  of  gases  accepted,  passing  through  this  flue;  the 
real  distribution  of  gases  is  found  by  successive  approxiaaticn. 
Enthalpy  and  tenperature  c£  gases  upon  the  entrance  into  the 
subseguent  heating  surface  are  deterained  by  heat  content  and 
tenperatures  of  gases  after  each  of  the  parallel  flues  with  the  help 
of  the  foraula  of  nixing  {1-Cl)  . 

In  the  absence  of  the  heating  surfaces  in  the  bypass  flue  it  is 
not  necessary  to  deteriine  the  share  of  gases,  passing  through  the 
shunted  flue,  since  its  value  does  not  affect  the  enthalpy  of  the 
gases,  which  enter  into  the  subseguent  surface  (after  nixing) .  should 
be  only  tested  the  sufficiency  of  the  estabXished/installed  heating 
surface  of  superheater  by  calculation  of  it  tc  the  passage  of  a 
full/total/coaplete  quantity  cf  gases  (taking  into  account  the  flow 
with  the  closed  daspers  cf  bypass  flue) .  Calculated  in  this  case 
according  to  the  equaticn  of  balance  (7>02)  final  enthalpy  and 
tenperature  of  gases  are  accepted  for  the  calculatlcn  following  of 
the  heating  surface. 

8-E.  Calculation  of  the  transiect  xone  of  single-pass  boiler. 


8-40.  Enthalpy  of  steaa-water  aixture  (cr  steaa)  at  entrance 
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into  transition  zona  and  ataaa  at  cutput/ylald  iron  it  daring 
rational  dasign  are  prescribad/assignad.  During  tba  rarifying 
calculation  thasa  enthalpy  ara  racalaad  with  these  following  as 
testing  and  their  rafinasant. 

to  avoid  the  deposit  of  salts  in  the  basic  sections  of  the 
boiling  and  suparhaatar  heating  surfaces  husidity  of  staaa  at  the 
entrance  into  transition  zona  aust  be  not  less  than  15-20o/o,  and 
suparhaating  steaa  at  the  output/yiald  of  it  r-/.,  is  not  lass  than 
20^C  with  all  possible  leads  cf  boiler.  In  tba  presence  of  the 
separator  before  the  transient  zone  the  steaa  at  the  entrance  into  it 
is  recalTed  as  dry. 

8>41.  Calculaticn  of  convective  transient  zene  of  single-pass 
boiler  does  not  differ  fzoa  calculation  of  convective  superheater 
with  high  hualdlty  of  that  coaing  it  steaa.  i.e.  with  steaa  cooler  on 
side  of  saturated  steaa.  Honever,  taking  into  account  low 
superheating,  it  is  possible  with  its  value  net  higher  than  40^0  to 
design  the  teaperature  head  for  the  entire  transient  zone  as  a  aean 
arithaetic  difference  in  the  teapezatures  of  gases  and  water  during 
the  boiling.  If  superheating  steaa  in  the  transient  zone  is  higher 
than  no^C,  it  is  designed  frea  the  sections  according  to 
cecoaaendations  p.  7-66. 
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Heat*transf«c  coafliclant  froa  the  wall  to  steaa  ag  is  not 
considered  in  view  of  its  high  values. 

8-42.  Calculation  of  radiation  transient  zone  does  not  differ 
froa  calculation  of  radiation  superheater. 

8-F.  Calculation  of  econcaizer. 

8-43.  During  rational  design  of  econoaizer  enthalpy  of  gases  and 
water  at  entrance  are  known.  Ihe  calculated  heat  absorption  of 
econoaizer  is  deterained  froa  the  equation  of  the  balance 

.  lUO 

V.s  lyy  —  ~ 

(8- IS) 

where  0.  and  q.,  -  quantities  of  heat,  taken  on  1  kg  of 
fuel/propellant  by  the  teaa-receiving  surfaces  of  heating,  by  boiler 
bundles  and  superheater,  kcal/kg. 

In  the  foraula  substitute  the  value  thcsselves  of  heat 
absorptions,  deterained  froa  the  equations  of  balance. 

During  the  verifying  calculation  the  input  enthalpy  of  gases  and 
water  also  are  usually  known.  The  erder  of  the  verifying  calculation 
of  econoaizer  see  in  paragraphs  8-05  and  8-06. 
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The  calculation  of  the  atefs/stages  of  tuo-stage  econoalzers  in 
no  way  differs  froa  the  calculation  of  single-stage  econoalzers. 

8-44.  Entire  calculation  of  feed-water  econoaizer  In  essence 
coincides  with  calculaticn  of  superheater.  Drcps  out  the 
deteralnation  of  sj.  Over-all  heat-transfer  ccefflcient  is  designed 
froa  foraula  (7-106). 

Page  62. 

In  the  calculation  c£  econoaizer  ace  introduced  the  actual 
consuaption  of  the  water  through  it  o;,  kg/h  taking  into  account 
blasting  and  passage  of  the  water  through  the  steaa  cooler  (upon  the 
parallel  connection  of  steaa  coder  and  ecoccaizer)  ,  and  also  the 
actual  enthalpy  of  water  at  the  entrance  into  the  econoaizer  (with 
the  return  of  water  froa  the  steaa  cooler  into  the  econoaizer).  The 
latter  is  detecalned  frcs  the  fcraula 

+ •^‘■<9  /  (8-16) 

where  i*  and  -  enthalpy  of  water  at  the  entrance  into  the 
econoaizer  and  feed  water#  kcal/kg;  -  drop/juap  in  the  enthalpy 
of  steaa  in  the  steaa  cooler#  ottained  froa  the  calculation  of 
superheater#  kcal/kg;  ~  expenditure/consoaption  of  steaa  through 
superheater#  kg/h. 
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8-45.  Teapetatar*  haad  la  acoaoalzar  is  daterainad  takiag  into 
account  autual  dlracticn  o£  flovs  of  gasas  and  water,  during  the 
partial  evaporation  of  water  in  the  econcalzer  the  calculation  of  the 
teaperature  head  is  conducted  according  to  the  conditional 
teaperature  of  water  at  the  output/yield  (see  Section  7-69) .  the 
saae  teaperature  is  detarained  aean  teaperature  of  water  for 
calculating  the  teaperature  of  wall. 

8-46.  Teaperature  of  coataainated  wall  cf  feed-water  econcalzer 
is  located  through  indications  p.  7-38. 

8-47.  In  presence  of  bypass  flue  part  of  the  gas  through 
leakages /loosenesses  in  shutters/ valves  is  passed  by  econoalzer.  ?cr 
the  double  closed  daapers  this  part  takes  as  the  equal  to  5.  for  the 
single  ones  -  lOo/o.  The  deternination  of  the  teaperature  of  gases  at 
exit  froa  econoalzer  and  gas  velocity  is  produced  takiag  into  account 
the  passage  of  part  of  the  gas  acxcss  the  short. 

8-48.  Coefficient  of  heat  transfer  of  finned  econoaizers  TsKRB 
and  TTl  la  deterained  cn  noaograa  ITI.  Per  the  finned  econoaizers  of 
other  types  and  fin  econcalzers  the  coefficient  of  heat  transfer  is 
designed  froa  the  indications  Section  "g**  §  7-B. 


The  surface  of  heating  finned  econoaizers  is  deterained  along 
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the  gas  side.  For  the  ecoaoaiaecs  tsKKB  and  Vll  the  heating  surface 
is  accepted  on  nosograa  ivi.  ihe  surface  of  heating  fin  econcalzers 
is  detersined  taking  Intc  account  the  surface  of  fins  according  to 
the  forsula 

where  and  ~  height  and  length  of  fins,  a. 

8'G.  Calculation  of  air  freheatcr. 

8-49.  Bith  single-stage  layout  air  preheater  is  designed  as  one 
whole.  Bith  the  layout  "in  series*  each  part  cf  the  air  preheater  is 
designed  separately.  The  proccdares  of  calculation  of  entire  air 
preheater  and  its  parts  are  distinguished  only  by  separate  details; 
therefore  they  are  stated  together. 

8-50.  During  rational  design  of  air  preheater  are 
prescribed/assigned  teaperature  of  airs  at  the  inlet  into  air 
preheater  «nd  output/yield  fzca  it,  and  also  teaperature  of  gases  at 
one  end. 

During  the  aerifying  calculation  are  known  the  input  enthalpy  cf 
gases  and  air.  order  of  the  verifying  calculation  of  air  preheater  £€e 
paragraphs  8-05  and  8-06. 
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8-51.  Balance  of  heat  along  gas  and  aic  sides  of  air  preheater 
is  redaced  with  the  help  of  foraolas  (7-02)  and  (7-04). 

In  latter/last  foreala  -  the  ratio  of  the  air  flow  rate  per 
oatput/jield  froa  the  air  preheater  to  t heoreticallj  necessary. 

Calculation  is  condacted  according  to  the  real  air  flow  rate 
talcing  into  account  the  auctions  and  the  leakages  in  that 
following  channel. 

In  the  case  of  preheating  of  all  the  air  in  the  air  preheater 
value  C  for  the  single-stage  and  the  second  step/stage  of  the 
two-stage  of  air  preheaters  is  deterained  fees  the  equality 

(»•'«) 

where  -  excess  aic  ratio  in  the  heating;  and  -  suctions  of 
air  in  heating  and  systea  of  the  pulverised  ccal  preparations, 
deterained  in  accordance  with  the  indications  BB  4-06  and  4-07. 

Value  of  8**1  for  first  stage  of  two-stage  air  preheater  is 
deterained  froa  the  eqaality 

Ji  ”  +  il«i.  (8-l9> 

where  -  air  escape  frea  secondary  air  heater,  taken  to  the  equal 
to  suction  along  the  gas  side. 
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In  the  case  of  preheating  In  the  second  step/stage  only  of  pact 
of  the  air  the  calcalaticn  of  this  stage  is  ccnducted  according  to 
the  actually  outgoing  trca  it  guantity  of  air. 

8-52.  fihen  teaperatnce  or  air  at  the  inlet  into  air  preheater  is 
raised  due  to  recirculation  of  part  of  hot  air,  ratio  of  guantity  of 
recirculating  air  to  theoretically  necessary  is  detecained  according 
to  approziaate  equation 

where  -  air  escape  fcca  air  ducts  in  entire  air  preheater,  taken 
to  equal  to  suction  alcng  gas  side;  t,,.  and  t,,  -  teaperature  of  air, 
correspondingly,  cold,  at  entrance  into  air  preheater  (after  nixing 
of  cold  with  recirculating)  and  fuel,  that  goes  for  recirculation, 

«C. 


Page  63. 

In  the  presence  of  recirculation  the  balance  of  heat,  the 
teaperature  head,  aean  teaperature  and  air  speed  are  designed  on  the 
real  ones  to  flow  rate  atd  to  teaperatures  of  air.  To  value  9... 
deterained  according  to  foraula  (4-41)  ,  is  added  value 

8-53.  Teaperature  head  in  air  preheater  is  deterained  taking 


into  account  autual  direction  of  flows  of  gases  and  air 
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a>54.  a«an  taapacaturas  of  gases  and  air  are  defined  as 
half-suns  of  their  Inlet  teaperatures  into  air  preheater  and  exit 
fron  it. 

8-55.  For  lanellar  air  preheaters  with  rotation  of  air  within 
cubes  should  be  according  to  foraula  (7-22)  averaged  (over  washed 
surfaces)  section/cut  of  air  ducts  in  individual  sections.  Per  it  is 
earlier  than  the  produced  air  preheaters  of  the  t jpe  the 

averaging  of  courses  is  excessive  as  a  result  of  their  practical 
equality  in  all  three  sections  (upen  the  entrance,  in  turn  and  on 
leaving) . 

During  the  setting  up  of  the  tubular  air  preheaters  cf  special 
types  with  the  turn  of  flow  in  the  liaits  of  the  bundle  of  the  ducts 
(interaedlate  pipe  panels  do  not  reach  boundary  tubes  of  bundle)  they 
are  designed  as  bundles  kith  nixed  longitudinal-transverse  flow. 

8-56.  hverage/nean  air  speed  is  deternined  according  to 
average/nean  (between  entrance  and  output/yield)  air  flow  rate  in 
exaelned  step/stage: 
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where  8"  -  ratio  of  quantity  of  air  for  outpot/yield  froa  designed 
step/staqe  of  air  preheater  to  theoreticalli  necessary;  •  air 
escape  froe  air  side  in  designed  step/stage,  taken  to  equal  to 
suction  along  gas  side. 

8-57.  Convection  heat-transfer  coefficients  froe  gases  to  wall 
and  froe  wall  to  air  are  deternined  taking  into  account  following 
positions. 

For  the  tubular  air  preheaters  the  convection  heat-transfer 
coefficient  for  the  aediaa,  which  flows  within  the  ducts,  is 
deteralned  on  noeograe  IV  with  the  appropriate  correction  for  the 
physical  characteristics  of  eediua  and  teeperature  conditions  c. 
During  cooling  of  gases  in  ducts  c,  it  does  not  depend  on  the 
teeperature  of  wall.  During  heating  of  air  in  ducts  c;  it  depends  on 
the  teeperature  of  wall,  taken  the  equal  half-sue  of  eean 
teepecatures  of  gases  and  air.  Correction  for  relative  length  ducts 
usually  should  not  be  ccnsidered. 

For  the  eediua,  which  aoves  between  the  ducts,  the  convection 
heat-transfer  coefficient  with  the  purely  transverse  flow  is 
deternined  on  noeograe  III  or  II  in  depending  on  run  of  pipes  in  the 
bundle  (checkered  or  ccrridor).  with  the  nixed 
longitudinal- transverse  flow  is  designed  weighted  eean  in  the 
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appropriate  heating  surfaces  heat-transfer  coefficient.  Instructions 
on  the  introduction  of  correctlcn  c.  for  calculating 
longitudinal- washed  sections  -  the  sane  as  for  the  case  of  course  in 
the  ducts. 

For  the  lanellar  air  preheaters  the  convection  heat-transfer 
coefficients  froa  the  gases  to  the  wall  and  froa  the  wall  to  the  air 
at  values  of  Se< 10*103  are  deterained  on  noaograa  vii.  In  the  nunber 
donain  Be  indicated  the  value  of  heat-transfer  coefficient  does  not 
depend  on  the  width  of  slot  and  is  deterained  only  in  depending  on 
speed  and  teapr<rature  cf  aediua.  The  upper  lines  on  the  noaograa,  on 
which  is  shown  the  width  of  slots,  serve  for  the  indication  of  the 
liait  of  the  applicability  of  noaograa.  If  with  the  use  of  noaograa 
the  FII  point  of  intersection  cf  the  lines,  which  correspond  to  the 
teaperature  of  aediua  and  speed  of  its  action,  proves  to  be  above 
line,  designating  arranged/located  by  width  slot,  noaograa  VII  is  not 
applied  and  heat-transfer  coefficient  is  defined  on  ocaograa  17  as 
with  the  coaaon  longitudinal  flew  (see  indicatiens  in  accordance  with 
the  tubular  air  preheaters) • 

For  the  finned  and  finned-serrated  air  preheaters  of  the 
produced  at  present  constructions/designs  the  convection 
heat-transfer  coefficient  frea  the  gases  to  the  wall  is  deterained  on 
noaogran  XVII,  froa  the  wall  tc  the  air  -  on  noaograa  XVIII.  For  the 
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platf  air  prahaatacs  of  tha  Kuaio  plant  tha  baat-tranafar  coafflclant 
froa  tha  gasas  to  tha  vail  and  troa  tha  vail  to  tha  air  is  datacalnad 
on  noaogcaa  XIX.  For  tha  fionad  air  prahaatacs  cf  nonstandard 
constructions/dasigns  tha  ccnvacticn  haa t- transf ar  coafficlants  ara 
datarainad  on  tha  Indications  Saction  "g*  of  paragraph  7-B. 

For  tha  raganarativa  rotating  air  prahaatars  tha  convactioa 
haat-transfar  coafficlants  ara  datarainad  on  nciogran  VIII. 

8-58.  Radiation  haat-transiar  coafflclant  conbustion  products 
for  air  prahaatars  into  calculation  doas  not  antar. 

8-59.  Coafficlants  of  haat  transfar  for  air  prahaatars  in 
contrast  to  othar  haatlng  surtacas  ara  dasignad  froa  fornula  (7-11) 
with  tha  halp  of  coafficlants  of  usa  of  haatlng  surfaca.  Tha  lattar 
ara  accaptad  on  noaograa  XII. 

8-60.  Surfaca  of  haatlng  tubular  air  prahaatars  is  datarainad  by 
naan  dlanatar  of  ducts.  Tha  surfaca  of  haatlng  tha  laaallar  air 
prahaatars  is  Idantical  froa  tha  gas  and  air  sldas.  It  is  datarainad 
on  tha  appropriata  dasigiad  stacdacds.  For  tha  finnad  and 
finned- serrated  air  prahaatars  ante  the  calculation  is  introduced  tha 
full/total/conplata  heating  surfaca  froa  tha  gas  sida.  datarainad  for 
tha  produced  at  present  ccnstiucticns/daaigns  cn  noaograa  XVII.  For 
tha  rotating  raganaratiwa  air  prahaatars  in  tha  calculation  is 
introduced  tha  two-sidad  surface  of  pachinq. 
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Page  64. 

Applicatioos/appen dices. 

Appendix  1. 

COMVBBTIONAL  OBSIGMATICMS. 

1.  Table  1  gives  basic  ceductions,  accepted  for  indices.  ,  , 

Smn.aaral(  • 

Table  2  gives  the  conventional  designations  used  in  the  text  o€  a 

Since  the  given  in  Tables  1  and  2  conditional  designations 
cannot  encoapass  all  enccuntesed  cases,  are  given  below 
genecal/coaaonAotal  indicaticos,  bhich  should  be  been  guided  when 
selecting  of  the  conventional  dcsignatiocs  and  indices. 

2.  For  designation  cf  bases  aagnitude  ace  used  letters  of  Latin, 
Russian  and  Greek  alphabets. 

It  follows  as  far  as  possible  to  avoid  use/application  cf  one 
and  the  saae  designatlcn  (letter)  foe  different  values.  Identical 
designations  ace  allowed/assuaed  in  those  of  the  case  when  they  took 
root  in  different  areas  cf  technology. 
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3.  Enthalpy,  heat  capacities,  voluaes,  gaantities  of  heat,  etc., 
in  reference  to  1  kg  ^nm')  cf  vorking  aediuB/Fropellant,  are 
designated  by  lower-case  letters;  by  capital  letters  are  designated 
the  sane  units,  in  reference  to  1  kg  (En*)  cf  f uel/propellant,  and 
total,  for  ezaaple:  enthalpy  1  kg  of  steas  i  kcal/kg,  enthalpy  of 
products  of  coabustlcn  1  kg  of  fuel/propellant  I  kcal/kg, 
general/coaeonAotal  heat  absorption  of  designed  surface  of  heating  Q 
kcal/h. 


4.  For  designation  cf  difference  in  values  both  for  local  ones 
and  for  averaged  values  is  applied  greek  letter  d,  set  to  the  left  of 
basic  letter  of  designation  of  datun.  For  exasple,  a  drop/junp  in  the 
enthalpy  of  gases  in  air  preheater 

5.  Cosplicated  indices,  which  consist  of  several  separate  ones, 
are  furnished  in  followirg  seguence:  first  index  characterizes 
process  or  working  body,  by  the  second  -  eguipaent  component.  For 
ezaaple,  heat -transfer  ccefficient  froa  the  wall  to  the  steaa,  which 
takes  place  in  the  superheater,  will  be  designated  if  affiliation 
of  datuB  ag  to  the  superheater  aust  be  reflected  in  the  designation. 

6.  In  expression,  which  represents  product  froa  series/row  of 
values,  which  have  identical  indices,  index  it  is  placed  only  in 
latter/last  factor  of  product.  For  ezaaple,  the  total  heat  capacity 
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of  qases  after  econo ai zee  vc„- 

7.  Indices,  as  a  rule,  ace  placed  to  the  eight  beloe  feen 
principal  notation.  IThe  ose/application  cf  snperscripts  (thej  ace 
placed  also  to  the  right)  is  allOHed/assoned  in  the  following  cases: 

a)  when  they  relate  to  the  ease  of  fnel/pcopellant ,  for 

exasple  the  hunldity  of  propellant  vf . 

b)  with  the  designation  of  any  walne  at  the  entrance  or  the 
ontpnt/yield  froa  the  agaipaent  coaponents  -  above  ace  placed 
respectively  one  or  doable  priae;  for  ezaaple,  the  teaperature  of  the 
air  before  and  after  air  preheater  C 

c)  when  are  indicated  the  theoretically  necessary  gaantities  - 
above  are  placed  zero;  fee  ezaaple,  the  theoretically  necessary 
voluae  of  air  v'o. 

8.  In  Units  of  calculation  of  this  eleaent/cell  of 
aggregate/anit  indices,  which  isdicate  eleaent/cell,  are  not  placed. 

9.  For  designation  cf  aveesge/nean  values  of  calculated  ones 
aagnitude,  as  a  rule,  additional  indices  ace  not  introduced.  For 
ezaaple,  aean  teaperature  of  gases  in  air  preheater  a„ 
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The  calculated  value*  obtained  by  tbe  eethod  of  special 
averaging*  it  is  noted  by  index  cp.  For  exaaple*  average 
heat-transfer  coefficient  with  coaclicated  flew 
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'T^ble  1.  Beductions*  accepted  foe  the  iodices. 
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Key:  (1).  Designation.  (2).  Index.  (3).  Egaipaent  coaponents.  (4). 
Borklng  bodies.  (5).  Cold  air.  (6).  x.  v.  (7).  Beating.  (8). 
Fuel/propellant.  (9).  tl.  (10).  Ash.  (11).  Slag.  (12).  zl.  (13).  shl. 
(14).  t.  (IS).  Gaseoas  fuel.  (16).  g.  tl.  (17).  Escape.  (18).  un. 

(19).  Shields  (water).*  (20).  e.  (21).  Water  (lignid) .  (22).  zb.  (23). 
Failnre/dip/trough.  (24).  pr.  (25).  Boiler  bundle  (bciler) .  (26).  k. 
(27).  Water  at  boiling  pcint.  (28).  Sapecheater.  (29).  pe.  (30).  kip. 
(31).  Other  indices.  (32).  Secondary  superheater.  (33).  vt.  pe.  (34). 
Feed  water.  (35).  p.  w.  (36).  friaary.  (37).  pec.  (38).  Econcaizer. 
(39).  ek.  (40).  Steaa  (iodepeadeot  of  state).  (41).  p.  (42). 
Secondary.  (43).  rt.  (44).  Air*preheater .  (45).  vp.  (46).  Transition 
zone  of  single>pass  boilers.  (47).  p.  z.  (48).  saturated  steaa.  (49). 
n.  p.  (50).  Suction  (air).  (51).  prs.  (52).  Ho  Key.  (53).  superheated 
steaa.  (54).  p.  p.  (55).  Becirculatlon.  (56).  rts.  (57).  Boiler 
aggregate/unit.  (58).  k.  a.  (59).  secondary  steaa.  (60).  et.  p.  (61). 
General/coaaon/total.  (62).  obsbeh.  (63).  Low-pressure  econoalzer. 


- - - —  -  _ _  ,  .  j 


DOC  s  30041104 


PA«B 

(64).  ek  D.  d.  (65).  Coakosticn  fzcducts  (gases).  (66).  Dry  £lae 
gases.  (67).  g.  (68).  Baxiaus.  (69).  eaz.  (70).  Ash  catcher.  (71). 
za.  (72).  Recircalat ion  gases.  (73).  cts.  (74).  Bqoivalent.  (75). 

Du  St- preparatory  Installation.  (76).  pi.  a.  (77).  Drying  agent.  (78). 
s.  a.  (79).  Given.  (80).  p.  (81).  Air  (coason  haaidities) .  (82).  v. 
(83).  Calculated.  (84).  z.  (85).  Hour.  (86).  chas.  (87).  Dry  air. 
(88).  s.  V.  (39).  Per-second.  (90).  s. 


-  f  e.  '  -s 
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55-69. 'Appendix  1.  conaentional  designations. 
2.  Bnuseration  of  the  pcincipal  notations. 
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Koj<("pmiiciir  Tcn.ioornaiH  MeiarpyinUM  ajayMtHae* 
TpcxaTOMHWX  raioa 

Koa<|xtmUHeMT  Tenaooraaaii  aoHaeauae*  O'*  ' 

CyMMapHui)  K03<pit>aaaeHT  TenxooTaaaa  or  raaoa  a  cTcaat  ( 
KoMt^HUHaaT  Tenaooraaaa  or  crcHKa  a  TenaOHOCRTeai»(_*‘*^^ 
Koa^RUHCHT  OMUMaaa  ^|V3) 


li^o 
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coot. 
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* 


Pf  -  3  600 


ji<  MC  spadImaA 

65  “ 

KxaAlM*  HOC  ipad 


o«t; 

KoxtH^HitHCHT  Tcnjioioro  conpoTHixcHHi  MOA  (Hcmiiai 
larpaiueHNA  (Koa^anHCHr  urpasHCHMi) 

K<»^»ui<«nt  HcnoauoitNHi  noiepxHOCTH  HirpcaaO 
KaxJx^HUNaHT  tenaonepeaaaaL*"^^ 

OopocTk 

KpHTCpHfl  PeAiio.ikac*  (I  —  onpeaeaaiomMi  AHHelHut 
paa>trp)(<  SO) 

KpHTtpHA  ^HJHaeCXIX  CIOiCTl  cpeau^'17'*^ 


/? 

It 


'  I 

»,.  I,  ^  », 


7, 


r  t  O  H  t  T 

*» 


a> 


I  KpnTepHA  Hyccc.ikra  [>tz')  < 

i 

pimecKHe  x  a  p  a  11  t  e  p  n  c  t  ■  b  ■  ' 

06veM  TCnomioA  xauepu  ^ 

n.toma^B  ^epKa.ia  ropeHa*  ' 

noacpxHOCTB  Haf^eaa  (nhackc  bhbs  y—> HaHk^eHoaaHHe  no- 
eepxMOCTM) 

noocpxHOCTfe  ! 

Vr.ioaoA  Koa^K^MUHeHT 

Creneita  aKpaiiHpoDaHHa  TonxMw'^'^'^ 

yc.ioBitiiift  KO»<t'<|'HUMeHr  aarDasHeHia  jyxeaocnpNNaiiaio- 
uiMx  noiepxHocTeft 

•lyncoocitpHNifMaiouiaa  noaeputocra 


3i{><p<>KTHaMaN  TO-iuiMHa  raaoaoro  cjionO^^^ 
IlnpywHwA  h  OHyTpCNNaA  jaaMerpw 


3K8N8a-ltllTNMA  ANaMCTp 


Jl* 


noncpexMuA.  npoaojtBNwA  a  AaaroNaaBHMl  mara  TpyP^.'^-’cr^ 
)KHno«  cc^iCMae  aa9  npoxoAa  rasoa  a  napa  (aoAw)(^/^^) 

Macra  non^tpxaocra  aarpeaa,  OMwaaeMwa  nonep^anuM  a 
npoAo.awHWM  norotitmm  (/^T^ 

^KatMt  ceaatgia  aaa  nonepaaaoro  a  npOAoaaaoro  no- 
Toaoa^/tp; 


Key:  (1).  Designation.  (2).  Dieensionality .  (3).  Designation  of 
value.  (4).  Puel/pcopellant  and  clinkers.  (5).  solid  and  liquid 
propellants.  (6).  nolsture  content  of  general/coieon/total.  (7).  Ash 
content.  (8)  .  Content  ct  cacbcoic  acid  of  carbonates.  (9)  .  Content  of 
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sulfur  genera l/coBBon/tctaI«  sulfate,  pyritic,  organic.  (10).  To 
working  Bass 

FOOTNOTE  *.  For  the  designation  of  the  elenentary  propellant 
coaposition,  in  reference  to  ether  Basses,  arc  used  the  saae  basic 
letters  and  subscripts.  Change  only  respectively  superscripts, 
nanely;  for  the  analytical  aass  -  index  a;  for  the  dry  nass  - 
index  s;  for  the  coBbustible  aass  -  index  g.  FNDFOOTMOTE. 

(11).  Carbon  content,  hydrogen,  nitrogen,  oxygen.  (12).  kcal/kg. 

(13).  Heat  of  coBbustiens  00  calorineter,  highest  and  lowest.  (14). 
ontput/yield  of  volatile  coaponeots  (to  coabustible  aass).  (15). 
thousand  of  kcal/kg.  (16)^  Given  ash  content  of  fuel/propellant. 

(17).  Given  huBidity  of  fuel/prcpellant.  (18).  Beaain^er/residue  of 
dust  on  sieve  with  holes  by  size/diaensicn  88  and  200  aicrons.  (19). 
Content  of  fuels  in  escape,  slag  and  failure/dip/trough.  (20).  Share 
of  ash  of  fue 1/propellant  in  escape,  slag  and  failure/dip/trough. 
(21).  kg/h.  (22).  Hourly  consuapticn  of  fuel/propellant.  (23). 
Calculated  hourly  consuaption  of  fuel/propellant  with  correction  for 
aechanical  Incoapleteness  of  ccabustlon.  (24).  Part  by  weight  of  one 
fora  of  fuel/propellant  in  sixture  of  fuels/propellants  (it  is 
supplied  with  index,  which  designates  fuel/prcpellant).  (25). 

Pc  act  ion/portion  of  one  cf  fuels/propellants  cn  heat  release  in 
at ice  of  f uels/propellants  (it  is  supplied  with  index,  which 
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dttsignatas  fu«l/prop«llaot) .  (26).  Gaseous  fuel.  (27).  g/ns*.  (28). 
Moisture  content  in  gasecus  fueJ  (cn  1  ns*  c£  dry  gas).  (29).  Content 
of  aineral  adnixtuces/lnporlties  in  gaseous  fuel  (o/o  by  weight)  . 

(30).  kcal/na^.  (31).  Heat  of  coabustion  1  ne*  of  dry  gas.  (32). 
kg/ns’.  (33).  Specific  gxawity/weights  of  dry  and  huiid  gaseous  fuel. 
(34).  Air  and  cosbusticn  products.  (35).  Height  and  voluae  on  1  kg  of 
solid  and  liquid  propellants  or  on  i  na’  of  gaseous  fuel.  (36). 
na^/kg.  (37).  naVna’.  (38).  Ibeoretlcally  necessary  for  coabustion 
Toluae  of  air.  (39).  Theoretical  voluae  of  nitrogen  (with  a^i).  (40). 

total  voluae  of  carbonic  acid  CO^  und  sulfur  dioxide  SO2.  (41). 
yoluae  of  coabustion  products  with  a»1.  (42).  Pull/total/coaplete 
voluae  of  coabustion  products.  (4J) .  Voluae  of  gases,  selected/taken 
for  recirculation.  (44) .  specific  gravity/weights  of  dry  and  kuaid 
air.  (45) .  Voluae  fractions  of  dry  triatcaic  gases,  water  vapors  and 
total.  {45a).  ata(abs.}.  (46).  lotal  partial  pressure  of  triatoaic 
gass.  (47).  Ash  concentration  is  coabustion  ptcducts.  (48).  g/kg. 

(49).  Hoisture  contents  cn  1  kg  cf  dry  air  and  gases.  (50).  Heat 
capacities  and  enthalpy.  (51).  kcal/na^  deg.  (52).  Heat  capacities  of 
carbonic  acid  and  water  vapors.  (S3)  .  Heat  capacity  of  huaid  air 
(during  calculation  on  I  na>  of  dry).  (54).  kcal/kg  deg.  (55).  Total 
heat  capacity  of  coabustion  products.  (56) .  Heat  capacities  of  ash 
and  fuel/propellant.  (57).  Bnthalpy  of  coabustion  products  1  kg  or  1 
na)  of  fuel/propellant.  (58).  Bsthalpy  of  products  of  coabustion  1  kg 
(na^  of  f uel/propellant  with  a*1.  (59).  Enthalpy  of  air. 
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th«oc«tlcally  Ottccsaacy  for  coafustion.  (60) .  Bathalpy  of  air  on  1  kg 
(na3)  of  fu«l/prop«llant.  (6  1)«  Physical  haat  of  f ual/prop«llant . 
(62).  Excess  air  ratio.  (6J)  .  Excess  air  ratios  in  heating  and  before 
superheater.  (64).  Sucticns  of  air  in  flues  (heatlag  and 
superheater).  (65).  Suction  of  air  in  dust-praparator y  installation. 
(66).  Ratios  of  quantity  of  air  at  entrance  into  air  preheater  and 
output/yield  froe  it  to  theoretically  necessary.  (67) .  Ratio  of 
quantity  of  air.  which  xacirculates  in  air  preheater,  to 
theoretically  necessary.  (68).  Quantity  of  gases,  which  shunt  flue, 
in  fractions  of  initial  quantity.  (69).  Physical  characteristics. 
(70).  kg  a/m*.  (71).  Coefficient  of  dynaaic  viscosity.  (72).  b*/s. 
(73).  Klneaat'lc  viscosity  coefficient  at  pressure  1  atB(abs. ).  (74). 
Kineeatic  viscosity  coefficient  of  conbustlcn  products  of 
average/eean  coapositicn  (Ccoii  ^0.13;  ^ hxq  ^0.11)  with  1  ata(abs.). 
(75).  kcal/a  hour  deg.  (76).  Coefficient  of  tberaal  conductivity  of 
coabustlon  products  of  average/tean  coapositicn  (rcov  *0.13;  r 
»0.11).  (77).  kg  s*/a*.  (78).  Density.  (79).  kg/a*.  (80).  specific 

gravity/weight.  (81).  Specific  gravlty/weight  with  O^C  and  760  an  Hg. 
(82).  B*/h.  (83).  Coefficient  of  theraal  diffuslvity  (cf  -  true  heat 
capacity  at  constant  pressure,  kcal/kg  deg)  .  (84)  .  Heat  balance, 
quantities  of  heat  and  theraal  loads.  (85) .  Efficiency 
of  boiler  aggregate/unit  (gross  weight).  (86).  Osefully  utilized 
heat.  (87) .  Heat  loss  with  stack  gases.  (88) .  Heat  loss  froa  chealcal 
incoapleteness  of  coabustion.  (89).  Heat  loss  froa  aechanical 


DOC  »  80041104 


PAGB 

>7y 

incoapleteness  of  coabastloa.  (90).  Heat  losses  with  escape,  slag  and 
fa ilare/dip/t rough  as  a  result  cf  eechanical  incoepleteness  cf 
coabustion.  (91).  Heat  loss  into  eswironaent.  (92).  Loss  with 
physical  heat  of  slag.  (93).  Loss  with  water,  cooling  panel.  (94). 
Coefficient  of  retenticn/preservation/eaintaining  heat.  (94a). 
kcal/kg,  kcal/na^.  (95).  Available  heat  cn  1  kg  (na^)  of 
fuel/propellant.  (96).  Heat  of  air,  which  enters  heating.  (97). 
Quantity  of  heat,  transaitted  to  heating  surface  by 

radiat ion/eaission.  (98).  kcal/i^  hour.  (99).  visible  theraal  load  of 
furnace  cavity.  (100).  kcal/a<  hour.  (10  1).  Visible  theraal  load  of 
fire  grate.  (102).  Hater  and  steaa.  (103).  kg/h,  a/h.  (104).  Boiler 
steaa  capacity.  (105).  Quantity  of  saturated  steaa,  returned  by 
boiler  besides  superheater.  (106).  Quantity  of  water,  which  goes  into 
blasting.  (107).  Plow  rate  of  steaa  through  superheater.  (108).  Plow 
rate  of  water  through  eccnoaizer.  (109).  Enthalpy  of  overheated  and 
saturated  steaa.  (110).  Enthalpy  of  feed  water.  (111).  Enthalpy  of 
water  during  boiling.  (112).  Heat  cf  vaporization.  (113).  Bsduction 
in  enthalpy  of  steaa  in  steaa  ccoler.  (114).  Enthalpy  of  steaa  (water 
at  entrance  into  heating  surface  and  output/yield  froa  it.  (115). 
Teaperatures  and  pressure.  (116).  Iheoretical  (adiabatic)  tewperature 
of  coabustion.  (117).  Cutlet  teaperature  froa  heating  and  entrance 
into  bundle.  (118).  Teaperature  cf  stack  gases.  (119).  Teaperature  of 
cold,  sucked  air.  (120).  Teaperature  of  air  at  the  inlet  into  air 
preheater  and  output/yield  froa  it.  (121).  Teaperature  of  water  at 
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entrance  into  econonizer  and  oatput/yield  fcon  it.  (122).  Tenperatnre 
of  feed  water.  (123).  Tenperataze  of  superheated  stean.  (124). 
Teaperature  of  steaa  at  entrance  into  superheater  and  output/yield 
froa  it.  (125) .  Teaperature  of  external  surface  of 
pollution/contaaination.  (126).  Teaperature  cf  surface  of  aetal  of 
ducts.  (127).  Is  greater  and  saaller  value  cf  teaperature  heads  on 
boundaries/inter faces  cf  heating  surface  in  question.  (128). 
Average/aean  teaperature  head.  (129).  Teaperature  differential  of  one 
of  heat-transfer  agents.  (130).  Excess  (lancietric)  pressure.  (131). 
Absolute  pressure.  (132).  Heat  transfer.  (133).  Coefficient  of 
weakening  rays/beaas  by  triatcaic  gases.  (134).  Coefficient  of 
weakening  rays/beaas  in  voluae,  filled  with  dust.  (135).  Efficient 
eaissivity  factor  of  flaae.  (136).  Baissivity  factor  of  heating. 

(137).  kcal/a2  hour  deg.  (138).  Beat -transfer  coefficient  by 
intertube  radiation/eaission  cf  coabusticn  products.  (139). 
Heat-transfer  coefficient  by  intertube  radiation/eaission  of 
triatoaic  gases.  (140).  Convection  heat-transfer  coefficient.  (141). 
Total  heat-transfer  coefficient  froa  gases  to  wall.  (142). 
Heat-transfer  coefficient  froa  wall  to  heat-transfer  agent.  (143). 
Coefficient  of  flow.  (144).  m*  hour  deg/kcal.  (145).  Coefficient  of 
theraal  resistance  of  layer  of  external  of  contaaination 
(contaainatlon  factor).  (146).  Coefficient  cf  use  of  heating  surface. 
(147).  Coefficient  of  heat  transfer.  (148).  a/s.  (149).  Gas  velocity. 
(150).  Reynolds  nuaber  (1  -  deterainlng  linear  diaension)  .  (151). 
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CritecioQ  of  physical  propsrties  of  aedlua.  (152).  Musselt's 
critecioQ.  (153).  Geoaetric  characteristics.  (154).  Volaae  of  furnace 
chaaber/caaera.  (155).  Area  of  airror  of  coabastion.  (156).  Surface 
of  heating  (subscript  -  designation  of  surface).  (157).  Surface  of 
walls.  (158).  Angular  coefficient.  (159).  Degree  of  shielding  of 
heating.  (160).  Conditiccal  contaaination  factor  of  beaa-receiving 
surfaces.  (161).  Beaa-receiviog  surface.  (162).  Efficient  thicliness 
of  gas  layer.  (163).  External  and  a  •  (164).  Equivalent  diaaeter. 

(165).  Transverse,  longitudinal  and  diagonal  spacers  of  ducts.  (166). 
Clear  opening  for  pass  of  gases  and  steaa  (water).  (167).  Parts  of 
heating  surface,  washed  by  transverse  and  longitudinal  flows.  (168). 
Clear  openings  for  transverse  and  longitudinal  flows. 

Appendix  II. 

TABLES  OF  ENTHALPY  AND  SPECIflC  VOLONES  OF  iATEE  AND  HATES  YAFOB. 

The  values  of  specific  voluaes  and  enthalpy  of  water  and  water 
vapor  are  given  on  the  'fables  Vll  the  ’’tTheraophysical  properties  of 
substances",  handbook,  edited  by  N.  B.  Vargaftik.  Gosenergoixdat. 
1956. 


Yoluae  and  order  cf  the  arrangeaent /position  of  data  in  the 
tables  correspond  to  the  requireaents  of  the  execution  of  the  theraal 
designs  of  boiler  aggregates/uoits. 
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ra'cea 

▼apor 

t.  *C 

0,010 

6,098 

U,U20 

17,304 

0,030 

23,772 

0,040 

28,641 

0,050 

32.55 

0,060 

35,82 

0,070 

38,66 

•0,0»0 

41,16 

0,090 

43,41 

0,10 

45, 45 

0,13 

49,06 

0,(4 

5-',  IS 

0,16 

54,94 

0,(8 

57,41 
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coat. 


29,0 

26.0 

27,0 

28,0 

29,0 

30,0 

31,0 

32,0 

33,0 

34,0 

35.0 

36,0 

37.0 

W.O 

3'J.O 

40,0 

41.0 

t.’.O 

41,0 

44.0 

45. 0 
16,0 
47,0 
48,0 
49.0 
50.0 
52.0 
54,0 
56,0 
•  58.0 
60.0 
62,0 
61,0 
06,0 
68.0 

70,0 
72.0 
74.0 
76,0 
78,0 
80  0 
"-•,0 
81,0 
86.0 
88,0 

MO.O 

92.0 

04,0 

96,0 

98.0 

100.0 

102.0 

104.0 

106.0 

108.0 

1 10.0 
112.0 
114.0 


222.90 

224,99 

227.01 

228,98 

230,89 

232.76 
234.57 
236,35 
2:18,08 

239.77 

241.42 

243,04 

244,62 

246.17 

247.69 

249.18 
250.64 
25.’.  07 
251.48 

234. 87 

25;.  23 
257.56 

258.88 
260.17 
261.45 

202.70 
26.5.15 

267.51 
269.81 
272.10 

274.29 
276. 1  1 

278.51 
2811,5.5 
282.54 


281,(8 

286..  1'l 

288.. Ti 
2'.8',08 
291. "6 


29 i .62 
29.;.. II 
297.11 1 
2'.).8.69 
300.. >2 

301 .92 
30.1.49 
30.5.04 
3(»,56 
3;)8.II6 

309,55 

310, 

312,41 

313.82 

315,21 

316.58 

317.93 
319.26 


0,0011933 

0.08150 

228,6 

669,3 

0,0011992 

0,07838 

231,0 

669,4 

0,U0I2030 

0,07550 

233.2 

669,4 

0.0012007 

0.07282 

235,3 

669,4 

0,0012105 

0,07032 

237.5 

669,5 

0.00t>142 

0.06798 

239.6 

669.5 

0.0012179 

0,06570 

241,7 

669.5 

0,0012215 

0,(X;370 

243,7 

6(;9.5 

0,0012250 

0,0(;i76 

245.6 

0i;9,5 

0,0012285 

0.05993 

247,6 

669,5 

0.0012320 

0.0.5819 

249.5 

669.5 

0. 1X31  '3.55 

0,0.56.55 

2.51.  J 

6i>9,4 

0.0012389 

0,05499 

253,1 

669.3 

0,0012424 

0.05551 

254.9 

669.2 

0.0012159 

0.05211 

256.6 

(569.1 

O.OOl.'I'U 

0.05078 

25.H.4 

669.0 

0.1X112527 

0,0-1950 

260.1 

668.9 

0.1X11 2'>';i 

0.048>8 

261,8 

068.8 

0.1x112.595 

0,04712 

26.1.5 

66.8.7 

0,001^629 

0.04601 

2355,1 

CC3.5 

0.1X31 21 4;3 

0,04495 

266.7 

068,4 

0.0012696 

268,2 

668,2 

0.0012729 

0.04297 

2'69,7 

668.0 

0.0012762 

0,1)4201 

271.1 

(67,9 

0.0012794 

0.04113 

272,8 

607,7 

0.0012826 

0.04026 

274,3 

Mi7,5 

O.OOK'H'X) 

0.1)3862 

277,2 

067. 1 

0.(XI|'2'.>.54 

0.0)711 

280,1 

600.7 

0.(X)I.IOI8 

0.().).5i;9 

282,9 

61, 6,. 1 

0,0(31,10.83 

0.03436 

285,7 

665.9 

0,0013147 

0.01312 

288,4 

605,4 

O.COI32M 

0.03197 

291,0 

(853.8 

0.001  127.5 

0.0.1088 

293,6 

663,3 

0.001:1119 

0,02986 

290.1 

061.7 

0. 0013 102 

'  0.028.89 

298,6 

66.1,2 

0,001  ll'x; 

0.0279.8 

301,0 

662.8 

o.ixii  r. «) 

0.1)2711 

303,5 

661.9 

ii.iX)i:i.vu 

0.1)2628 

«i5,9 

661.3 

ll.lXil.il.-, 8 

0.02.551 

,108.2 

O' .11,7 

0,0(11.1722 

0,02176 

310,5 

600,0 

n,i;6i:jr.87 

0.02105 

312,8 

651,4 

0.1X1138.52 

0.02 1:3.8 

315,1 

6.58,7 

0.(XlH9IS 

0.02273 

317,3 

657 , 9 

0,1H!1:1'>8.| 

1). 1)2212 

319, .5 

657,1 

o.ooHo-rj 

0.021,5.3 

321,6 

650.4 

0.0014115 

0,02097 

323,8 

6.5, 5. 7 

0,01)14181 

0.02043 

32'6,0 

6,55,0 

0,0014249 

0,01991 

328,1 

6.54,2 

0.00M3I7 

0.1)1941 

3)0.2 

653,4 

0,0014:384 

O.0I8O2 

3:12.3 

6.52.6 

0,001145.3 

0.01846 

334.3 

6,51 ,7 

0.0014.523 

0,01802 

,336,3 

6.50,8 

0.0014591 

0.01759 

.338,3 

619,9 

0,0014661 

0.01717 

340.3 

649,0 

0,0014732 

0.01677 

342,3 

648.1 

0.001481 

0.01638 

344.2 

647,1 

0.001488 

0,01600 

346,2 

646,2 

0,001495 

0.01564 

348,2 

645,3 

440.7 

438.4 
4:;6.2 

434.1 
432,0 

429.9 

427.8 

425.8 

423.9 

421.9 

420,0 

418.1 

416.2 

414.3 

412.5 

410.6 

408.8 
407.0 

403.2 

403.4 

401.7 
400. 0 

398.3 
3%,  6 

394.9 

393.2 

359.9 

3.86.6 

383.4 

380.2 
377.0 
.373.8 

370.7 
.107,6 

361.6 

361.6 
.3.58.4 

3.55.4 

352.5 

349.5 
.346.6 

34.1.6 

340.6 

337.6 

331.8 

331.9 
329.0 
.326,1 

323.2 

320.3 

317.4 

314.5 

311.6 
.308  7 
305.8 

.302.9 

300,0 

297,1 
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tts.o 

320.57 

0,001502 

0.01529 

350,1 

644,4 

118.0 

321,87 

0,001510 

0.01495 

352,0 

643,4 

120,0 

323.15 

0.001.518 

0.01462 

353,9 

642,4 

122,0 

324,41 

0.001526 

0,01431 

355.8 

641.4 

124,0 

325.65 

0,001534 

0,01 101 

357.7 

640,4 

126,0 

326.88 

0,001542 

0.01371 

359,6 

639.4 

128,0 

328.10 

0.UO155O 

0.01342 

361.5 

638,4 

130,0 

329.30 

0.001558 

0,01314 

363.3 

637.3 

132,0  . 

330.48 

O.OOlSliO 

0,01286 

365.2 

636,2 

134,0 

331,65 

0,001574 

0.01259 

367, 1 

635,1 

136,0 

332.81 

0,001582 

0.01232 

369,0 

634,0 

138.0 

333.% 

0.001.591 

0,01207 

370.8 

•  632,8 

140.0 

335.09 

0.001600 

0,01182 

372,6 

631,6 

142,0 

336.21 

0,001608 

0,01 IS8 

374,5 

630,3 

144.0 

337.31 

0,001616 

0.01134 

376.3 

629.3 

146.0 

3.^8. 40 

0.001625 

O.OItll 

378,2 

628.1 

148,0 

339,19 

0,001635 

0.01089 

380.0 

626,8 

150,0 

340,56 

0,001644 

0.01057 

381,9 

625,6 

152.0 

341,61 

0.0016.53 

0.01016 

383.7 

624,3 

154.0 

342,66 

0.001663 

0.01024 

385,6 

623,0 

156.0 

343.70 

0,001673 

0.01003 

387,4 

621,6 

158.0 

344.72 

0,001683 

0.0098-26 

389,2 

620.3 

160.0 

345.74 

0.001693 

0,009626 

391.0 

618,9 

162.0 

316.74 

0.001704 

0.009430 

392.9 

6)7.5 

164,0 

347.74 

0,001715 

0,009237 

394,8 

616,0 

166,0 

348.72 

0.001726 

0.009047 

390,7 

614,5 

168,0 

349,70 

0,001738 

0,IHW.802 

398,6 

613.0 

170.0 

350.% 

0.0017.50 

0.0086,80 

400.  •» 

611.4 

172,0 

351 .62 

0  001762 

0,008.500 

402,3 

609,8 

174.0 

352,50 

0,001773 

0.008322 

404,2 

008,1 

IT6.0 

3.53,. 50 

0,001785 

0,008|.|6 

406,2 

000,4 

178,0 

354,43 

O.OOIT'.W 

0,('07'.)74 

408,1 

604,6 

180.0 

355.3.5 

0,001812 

0.007804 

410,1 

602,8 

182.0 

356,26 

0  001827 

0. 007635 

412, 1 

601.9 

184.0 

357,16 

0>I|812 

0,007467 

414,2 

599,0 

186,0 

358.06 

0.001857 

0.007,703 

416.2 

597.0 

188.0 

3.58,94 

0,001873 

0.0071,79 

418,2 

595, 1 

190,0 

35”. 82 

0,001.8,89 

0.00697 

420.2 

592,9 

192.0 

360,69 

0,001909 

0.00<'>8I 

422,3 

590,7 

194.0 

361 ,55 

0,001929 

0,00665 

424,5 

588,4 

196.0 

362<40 

0,901950 

0.00649 

426.8 

586,1 

198.0 

363.25 

0,001970 

0,00633 

ASJ.l 

583,7 

200.0 

364,08 

o.oni'.io 

0,00618 

431.4 

581,1 

202.0 

304.91 

0,00201 

0,00602 

433,6 

578.4 

204,0 

365.74 

0.00203 

0.00586 

436.4 

57.5,6 

206,0 

366.55 

0,00206 

0,00.509 

4.79,0 

572.6 

208,0 

307,36 

0,00209 

0.00552 

441,7 

509.4 

210.0 

36.8,16 

0.00213 

0.00.535 

444,6 

566 , 0 

212.0 

368,95 

0,(X)217 

0.00517 

447,6 

562,2 

214,0 

369.74 

0,00221 

0,00499 

450,8 

558.2 

216,0 

370,51 

0.00225 

0.00480 

454,3 

553.6 

218.0 

.771,29 

0,002.71 

0.00460 

458,4 

548,4 

220.0 

372.1 

0.002.79 

0,00438 

463.0 

542,3 

IMT  0 

372,8 

0.00248 

0,00416 

469.0 

536,6 

224.0 

373,6 

0,00265 

0,00384 

478,0 

626,6 

294.3 

291.4 

285.5 

285.6 

282.7 

279.8 

276.9 
274.0 
271.0 
268.0 

265.0 

262.0 

259,0 

256.0 

253,0 

249.9 

246.8 

243.7 

240.6 

237.4 

234,2 

231.1 

227.9 

224.6 

221.2 

217.8 

214.4 

211.0 

207.5 

203.9 

200,2 

196.5 

192.7 

188.8 

184.8 

180.8 

176.9 

172,7 

168.4 

103.9 

159.3 

154.6 

149.7 

144.6 
139.2 

133.5 

127.7 

121.4 
IM.e 

107.4 

99.3 
90,0 

79.3 

67.5 

48.6 
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1.  *0 

^£5 

i. 

9.  M^fm 

mV/cfl 

1 

CD  ^ 

/I  a  1 ,0  MKLtO 

1  pwm2,Q  ama 

P-3.0 

0 

0,0010002 

0.0 

0.0010001 

0.0 

0,0010001 

10 

0,0010003 

10,1 

0,0010003 

10,1 

0,0010002 

20 

0,0010018 

20,1 

0.0010018 

20,1 

0,0010017 

30 

0.0010044 

30,0 

0.0010043 

30,0 

0,0010043 

40 

0,0010079 

40,0 

0.0010078 

40.0 

0.0010078 

SO 

0,0010121 

50,0 

0.0010120 

50,0 

0,0010120 

60 

0,0010170 

60,0 

0,0010170 

60,0 

0.0010170 

70 

0.0010226 

70.0 

0,00102'27 

70,0 

0.00102'2G 

80 

0,0010289 

80,0 

0.0010289 

80,0 

0,UOI028S 

90 

0,0010359 

90.1 

0,(l0lU358 

90,1 

0,0010358 

100 

0.0UIO434 

100.2 

0,0010434 

no 

0,0010515 

110,2 

0,0010515 

120 

O.OOIU(>02 

130 

0,0010007 

p  im  4,0  ama 

p  M  6,0  ama 

poS.O 

0 

0.0010000 

O.I 

0,0009999 

0.1 

0. 0009998 

10 

0,0010002 

10.1 

O.OOIOOOl 

10,2 

0.0010000 

20 

0.00(0017 

20,1 

o.uoioote 

20.2 

0,0010015 

30 

0.00l(MM2 

30,1 

0.0010041 

30,1 

0.0010040 

40 

0.0010077 

40,1 

0.001(X»77 

40.1 

0,0010076 

50 

0,0010119 

50,0 

0,0010118 

50,1 

0,0010118 

60 

O.OOHjHiO 

60.0 

0,0010168 

00,1 

0.0010167 

70 

0,00UI2.'6 

70,0 

0,0010-225 

70,1 

O.OOIO."’! 

80 

O.OOIO’tW 

80,0 

0.0010287 

80,1 

0,0010286 

90 

0.0010337 

90,1 

O.OOI03S6 

90.2 

0.0010355 

100 

0,0010433 

100,2 

0,0010432 

100,2 

0. 00104:11 

no 

0,0010.514 

110,3 

0,0010513 

IID,3 

0.00)0512 

120 

O.OOIOtiOi 

120,4 

0.0010601 

120,4 

O.OOIKW) 

130 

0.0010097 

130,6 

0.00l(8>06 

130.6 

0,OOI06'i5 

140 

0,0010798 

140,8 

0.0010797 

140,8 

0.0016705 

ISO 

0,0010906 

151,0 

o.noio'»)4 

160 

& 

0,0011020 

p  »  10,0  ama 

2>-I5,0  0 

ma 

p=  20.0 

0 

O.Ol'd'nOT 

0,2 

O.OOOW-l 

0,4 

0.000'"i02 

10 

O.OOU'i'lOO 

10.3 

0.00fl9'"f 

10,4 

o,no(/vvj4 

20 

0.0()IMUI4 

20.3 

0.0010019 

20,4 

0. 01)10010 

30 

30.2 

30.3 

O.OOUlOlj 

40 

40.2 

0.(Mi}U(i73 

40,3 

U.ft)HK)70 

w 

U.<i  1101 17 

?y- 

O.lBtlfiMS 

50.2 

O.imio)  12 

n.iHooiNi 

CO.T“- 

0.nii|O|04 

T.U,2 

0,0010104 

70 

O.IMMOJJ.I 

"o.J 

o.(vun.»2i 

70.2 

0,0OJCVj)8 

«0 

HO.l 

O.WIOJM 

f*0,2 

o,noin.;80 

‘JO 

O.OIllHi.'.l 

*<1.2 

o.o()to.)r>> 

90,3  ' 

0.0010349 

100 

0,00101 M) 

100,3 

0. 00(0427 

100,4 

0,001  (U24 

no 

0,0010,5(1 

M(),4 

0.00(0.'|4H 

(10,5 

0.0010,506 

rjo 

O.OOiori'iO 

120.5 

O.OCIIOVJT, 

i20.6 

o,noio.vj3 

130 

0.00(0i>'14 

130,7 

0.(8l(0<i',]( 

(30,7 

0.00I0>>86 

MO 

0.00(0794 

140,8 

0.0(l(07>)| 

(40,9 

0,0010738 

l-W 

0.00(0902 

151. 1 

O.IKMOMW 

151.2 

0.i'K)10H'Xi 

100 

0.00110(8 

101.4 

0.0011015 

161.5 

0,001 lUl 1 

170 

0.00(((42 

171.8 

0,0«(((39 

171,9 

0.001 i 135 

180 

0.0O(C271 

182,3 

0,001 1'267 

190 

0.00(1413 

192,9 

0,001 1409 

AUU 

0.0011561 

0 

0 

0.0011726 

p  «•  30  ama  I 

P  «  4U  M 

a 

p  =  50 

0 

0,0009997 

0.2 

0,0009982 

1.0 

0. 0009977 

10 

•0,0009990 

10.7 

0,0009985 

10.9 

0,0000981 

20 

O.UOIOOOS 

20,7 

0,0010001 

0,0009997 

(2) 

I  anux 


0.1 

IU,I 

20,1 

30.1 
40.0 
50.0 
60.0 
70.0 
80.0 

90.1 
100,2 
110.2 

120,3 
130,S 


A 


O' 

ama 


0.2 

10,2 

20,2 

30.2 

40.2 

50.1 

60.1 

70.1 

80.1 

90,2 

100.3 

110.3 

120.4 
130,6 

140.8 
151,1 

161.4 


0.5 

10.5 

20.5 

30.4 

40.4 

50.4 

60.3 

70.3 

80.3 

90.4 

100.5 

110.5 

120.6 

130.8 
141,0 

151,2 

161.5 

171.9 

182.4 
193,0 

203.6 

214.4 


1.2 

11.2 

21.1 
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30 

0.0010031 

30,6 

0,0010027 

30,9 

40 

0.0010066 

40,6 

0,0010062 

40.8 

50 

0,0010108 

50,6 

0.0010103 

50,8 

60 

0.0010157 

60.S 

■  O.OOIOIS2 

60,7 

70 

0.0010.M3 

70,5 

0.0010208 

70,7 

80 

0.00IO275 

80.5 

0.0010271 

80,7 

90 

0.0010344 

90,6 

0,0010339 

90,8 

100 

0.0010419 

100,6 

0.U0I04I4 

100,8 

110 

0,0010501 

110.7 

0,0010495 

110,9 

120 

0,0010588 

120,8 

0.0010582 

121,0 

130 

0.0010682 

131,0 

0.0010676 

131,1 

140 

0.0010782 

141,2 

0,0010776 

141,3 

150 

0.0010800 

151,4 

0,0010883 

151,5 

160 

0,0011004 

161,7 

O.OOIOO'ir 

161,8 

170 

0.0011127 

172,0 

0,001 1 120 

172,2 

180 

0.001 1259 

182,5 

0.001 1251 

182,6 

190 

0.0011400 

193,1 

0,0011391 

193,2 

200 

0.0011552 

203,7 

O.OUII5I2 

203,8 

210 

0.00II7IS 

214,5 

•  0,0011704 

214,6 

220 

0,0011892 

225,4 

0,0011880 

225,5 

230 

0,0012085 

236,5 

0.0012071 

236.5 

240 

0,0012281 

247,8 

250 

260 

Q 

pmf60  ama 

p  «  70  ama 

0 

0,0009972 

t.4 

0,0009007 

1,7 

10 

0,0609976 

11,4 

0.0009972 

11,6 

20 

0,0609992 

21,3 

0.0009988 

21,6 

30 

0.60(0018 

31,3 

0,0010014 

31,5 

40 

0,66166.53 

41.2 

0,0016049 

41,4 

SO 

0,601669.8 

51,2 

0,0010090 

51,4 

00 

0,0610144 

61.1 

0,0010139 

61,3 

70 

0,0610109 

71,1 

0.0010195 

71,3 

80 

0,0016202 

81,1 

0,0010257 

81,3 

90 

0,0610329 

91,2 

0,0010325 

91,3 

100 

0.661 0101 

101,2 

0,0010399 

101,3 

110 

0.00I64'5 

111,2 

0,0010180 

111,4 

120 

0.0010.572 

121,3 

0,0010506 

121,5 

130 

0,661t4Vj.5 

131. 4 

0,(X)|0659 

131. 6 

140 

0.6010764 

141.6 

0.0010758 

141.8 

ISO 

0,001(1870 

151.8 

0,noi(VSri4 

152,0 

160 

0.00109.84 

IGJ,  1 

0.0010977 

102,2 

170 

0,6011105 

172.4 

0.001 1098 

172,5 

180 

0,0011235 

182,9 

0.0011226 

183,0 

190 

0,0011374 

193,4 

0.0011365 

191,5 

200 

0,0011522 

204,0 

O.IX)lir>l3 

204, 1 

210 

0.001108.3 

214,7 

0,001  KwS 

214.8 

220 

0.0011857 

225,6 

0.0011845 

225,7 

230 

0.0012044 

236,6 

0.0012031 

236,7 

240 

0,0012250 

247,8 

0.0012235 

247,9 

250  ' 

0.0012477 

259.3 

0,0012459 

259,3 

260 

0.0012728 

271.0 

0,0012708 

271,0 

270 

0,0013013 

283,1 

0,0012988 

283,0 

280 

0.0013307 

295,3 

290 

0 

M  90  ama 

pa  100  ama 

U 

0,0K19957 

2.2 

0,6009952 

2,4 

10 

0,0009902 

12.1 

0.0009958 

12,3 

20 

0,0009979 

22,0 

0.01X19975 

22,2 

30 

0,0010005 

31,9 

0,0010001 

32,1 

40 

0,0010040 

41,8 

0,0010036 

42,1 

0,0010022 
0,0010057 
0,0010099 
0,0010148 
0,0010204 
0.0010266 
0,0010334 
0,0010409 
0.0010490 
0,0010577 
0,0010670 
0,0010770 
0,0010877 
0,0010990 
0,0011113 
0,001 1243 
0,001 1382 
0,0011532 
0,0011694 
0,001 1K08 
0,0012057 
0,0012205 
0,0012494 
0,0012750  0 

p  —  SO  ama 

0,0009962 
0,0009967 
0,0009983 
0,0010009 
0,0010045 
0.0010086 
0,0010135 
0,0010190 
0,0010252 
0,0010320 
0,0010394 
0,0010475 
0,0010561 
0,0010653 
0,0010752 
0,0010858 
0,0010970 
0,0011091 
0,0011219 
0,0011356 
0,0011504 
0,001 1662 
0,0011883 
0,0012018 
0,0012220 
0,0012412 
0,0012088 
0.0012904 
0.0013278 
0,0013639  ^ 

110  ama 
0,0009948 
0,0009953 
0,0009971 
0.0009997 
0,0010032 


31,1 

41.0 

51,0 

60.9 

70.9 

80.9 
91,0 
101,0 
111,1 
121,2 

131.3 

141.5 

151.7 

161.9 

172.3 

182.7 

193.3 

203.9 

214.7 

225.6 

236.6 

247.8 

259.3 
271,1 


1.9 

11,9 

21,8 

31,7 

41.6 

51.6 

61.5 

71.5 

81.5 

91.5 

101.5 

111.6 

121.7 

131.8 

141.9 

152.1 
162,4 

172.7 

183.1 

193.6 

204.2 

214.9 

225.8 

236.7 

247.9 

259.3 
271,0 
283,0 
1.95,2 
306,0 


2.6 

12.5 

22,4 

32.3 

42.3 
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SO 

0,0010082 

61,8 

0.0010077 

52,0 

0,0010074 

60 

0.0010130 

61.7 

0.0010126 

61.9 

0.0010122 

70 

0.0010186 

71.7 

0.00IU13I 

71.3 

0.0010177 

tU) 

0,0010248 

81.6 

0.0010243 

31,3 

0.0010239 

00 

0.0010315 

91.7 

0.0010311 

91,9 

0.D0I0306 

100 

0,0010389 

101.7 

0.0010334 

101.9 

0,0010330 

110 

o.ooioiro 

lll.S 

0.0010464 

111.9 

0.0010459 

1:0 

0.0010556 

121.3 

0,0010550 

122.0 

0.0(110545 

130 

0.00KXi48 

131.9 

0.0011X142 

132.1 

0.0010637 

MO 

0,0010746 

142.1 

0.0010740 

142,2 

0.6010735 

ISO 

0,0010851 

152.3 

0.0010345 

152.4 

O.OOU'339 

160 

0.00I0‘1»k1 

162.5 

0.0010957 

162,6 

O.iXMO'jO 

170 

0.001 1083 

172,3 

0.0011076 

172.9 

0.001 1069 

180 

0.00II21 1 

183.2 

0.(X>II203 

183.3 

0.001 II 95 

190 

0.lXni348 

193.7 

0. 001 1339 

193.8 

0,0011331 

•200 

0.0011494 

201,3 

0.0011435 

201.4 

0.001 1476 

'210 

O.l  11652 

215.0 

0.0011642 

215.1 

O.CKillb31 

2:0 

O.lKll  I.H22 

225.3 

O.tXH  1310 

225,9 

0.0011799 

220 

0.001 JO05 

236.8 

0.11011092 

236. 8 

0.001 10:9 

'.MO 

0.(HJl:2ti5 

24.3.0 

0.0(>I2191 

248.0 

0,0012176 

2jQ 

0.00121:4 

259.4 

1).U1I2UV3 

259,4 

0.00l23''l2 

200 

0.(Kir2««n 

271 .0 

0.tX)|2649 

271.0 

0. 1X112030 

270 

0,0012911 

282.3 

0.(X>I21>I8 

282.8 

0.0012895 

'2S0 

0.001. 12 19 

295. 1 

0,WI3221 

295.0 

0.001.3193 

2*70 

0.0013C>03 

307.8 

0.0013SC8 

307.6 

0.0013:36 

3C0 

310 

0.0014023 

321.1 

0.0013978 
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707,3 

0.1456 

713,6 

0.1,371 

712.9 

0,1488 

719,1 

0.1401 

718,4 

0.1520 

724,5 

0,1431 

723,8 

0,1551 

729,8 

0,1461 

729,2 

0,1582 

735,2 

0.1490 

734,6 

0,1612 

740,5 

0,1519 

739,9 

0,1643 

745,7 

0,1548 

745,2 

0,1673 

751,0 

0,1577 

780,5 

0,2357  773.4 

0,2395  778,5 

0,2433  763.7 

0,2471  788.8 

0,2509  794,0 

0,2546  799, 1 

0,2584  804,3 

Q 

p  —  16,0  ama 


0,1300  673,4 
0,1339  679,8 
0,1376  685.9 
0,1413  691,9 

0,1449  697,7 
0.1484  703.3 
0,1518  708.9 
0.15.52  714,4 
0,1586  719.8 

0.1619  725,1 
0,1652  730.4 
0,1684  735.7 
0,1717  741,0 
0,17-19  746,2 

0.1781  751.4 
0,1812  756,6 
0.1844  761,8 
0.I8T6  767.0 
0.1907  772.2 

0,1938  777,4 
0,1969  782.9 
0.2000  787,8 
0.2031  793,0 
0.2062  798,2 
0,2093  803.4 


O.IOTO  669.0 
0,1106  675.8 
0,1140  682.4 
0,1172  688,7 
0,1204  694,8 

0,1235  700,7 
0,1265  706,5 
0.1294  712,2 
.0,1323  717,7 
0,1352  723,1 

0,1380  728,5 
0,1408  733,9 
0,14.36  739,8 
0,1464  744,7 
0.1491  7S0.U 
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360 

0,1703 

756.2 

0,1606 

755. 7 

370 

0,1733 

761,4 

0.1634 

761,0 

380 

0,1763 

766,6 

0,1662 

766.2 

390 

0,1792 

771.8 

0,1690 

771,4 

400 

0, 1822 

777,0 

0,1718 

776,6 

410 

0,1851 

782.2 

0,1746 

781.9 

420 

0,1880 

787,4 

0, 1774 

787,1 

430 

0,1910 

792,6 

0, 1801 

792,3 

440 

0,1939 

797.8 

0,1829 

797.5 

450 

0,1968 

803,0 

0. 1857 

802,7 

;>«20. 

0 

Q 

0  ama 

/)-2l 

ama 

220 

0,1(M4 

674,4 

0,09873 

673.0 

230 

0,1078 

681,2 

0,1019 

679.9 

240 

0,1109 

687.6 

0,10.30 

686,5 

250 

0.1139 

693,8 

0,1080 

692.8 

260 

0,1168 

699,8 

0.1108 

608.9 

270 

0,1197 

703,7 

0.1136 

704,8 

280 

0.I22S 

711,4 

0,1163 

710.5 

290 

0.1253 

717.0 

0.1190 

716,2 

300 

0,1281 

722,5 

0,1216 

721.8 

310 

0,1308 

727.9 

0. 1242 

727,4 

320 

0.1335 

733.4 

0,1268 

732,9 

330 

0.1361 

738.8 

0,1294 

738.3 

340 

0,1388 

■  744,2 

0,1319 

743,6 

350 

0.1414 

749,5 

0, 1344 

749,0 

360 

0,1440 

734.8 

0,1309 

754.3 

370 

0,1466 

760,1 

0,1394 

759,6 

380 

0,1491 

765.3 

0,1418 

764.9 

390 

0.1517 

770.6 

0,1443 

770,2 

400 

0,1542 

775,8 

0,1467 

775,5 

410 

0,1567 

781,1 

0,1491 

780,7 

420 

0,1593 

786.4 

0,1515 

786,0 

430 

0,1618 

791,6 

0,1539 

791.3 

440 

0,1643 

796,9 

0.1563 

796,6 

450 

0,1668 

802.1 

0,1587 

801,8 

460 

0.1093 

807.4 

0.1610 

807,1 

470 

0,1717 

812,6 

0,1634 

812,4 

480 

0,1742 

817.9 

0.1657 

817,7 

490 

0. 1767 

823,2 

0.1681 

823,0 

500 

0,1791 

628,5 

0,1704 

828.2 

p>23 

Qa 

pm2* 

i2a 

220 

0,08890 

670.1 

230 

0.09196 

677.3 

0.08759 

675.9 

240 

0,09487 

684.1 

0.09041 

682,9 

250 

0,09765 

690,7 

0,09312 

689,7 

260 

0,1003 

697.0 

0,09572 

696,1 

270 

0,1029 

703,1 

0.09827 

702,3 

280 

0,1055 

709,0 

0,1007 

708,3 

290 

0,1080 

714,8 

0.1031 

7J4,1 

300 

0,1104 

720,5 

0,1055 

719,8 

310 

0,1128 

728.1 

0,1078 

725.4 

0,1518 

0,1545 

0,1572 

0,1599 

U,1626 


755,3 

760.5 

765.8 

771.0 

776.2 


0.1652 
0, 1679 
0,1705 
0,1731 
0,1767 


781,5 

786.7 

791,9 

797.2 

802,4 

G) 

22  aim 


0,09355 

0,09676 

0.09981 

U,I026 

0,1053 


671.5 

678.6 

685.3 

691.8 
698.0 


0,1080 

0.1106 

0.1132 

0.1158 

0.1183 


704,0 

709.8 

715,5 

721.2 

726.8 


0,1208 

0,1232 

0,1256 

0,1280 

0,1304 


732.3 

737.7 

743,1 

748,5 

753.9 


0,1328 

0,1351 

0,1375 

0,1398 

0.1421 


759,2 

764,5 

769,8 

775,1 

780,4 


0,1444 

0,1467 

0.1490 

0,1513 

0.1536 


785.7 

790.9 

796.2 

801,5 

8u6,8 


0.1558 
0.IS8I 
0. 1603 
0.1626 


0 
25  omo 


812,1 

817,4 

822,7 

826,0 


0,08355 

674.5 

0,08631 

681,7 

0,08896 

688,6 

0,09151 

695,1 

0,09397 

701,4 

0,09636 

707,5 

0;0987l 

713.4 

0,1010 

719.2 

0.1033 

724.0 

L 


•  j 
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320 

330 

340 

390 

360 

370 

380 

3<)0 

400 

410 

420 

430 

440 

490 

460 

470 

480 

490 

900 


330 

240 

2SU 

2UI 

270 

280 

2'JO 

300 

310 

320 

330 

340 

350 

300 

370 

380 

J'.iO 

400 

410 

420 

430 

440 

450 

400 

470 

480 

490 

500 


240 

250 

260 

270 

280 


0,1193 

731,7 

0,1176 

737,2 

0,1199 

742,6 

0,1222 

748,0 

0,1245 

753,4 

0,1268 

758.8 

0,1290 

764,1 

0,1313 

769,4 

0,1335 

774.7 

0,1358 

780,0 

0,1380 

785.3 

0,1402 

790,6 

0,1424 

795.9 

0,1446 

801.2 

0,1468 

806,5 

0,1489 

811,8 

O.ISII 

817,1 

0,1532 

822.4 

0,1554 

fjl  827,7 

p  M  26  ima 

0,07981 

673,1 

0,(I.«2.5I 

080,5 

0,08510 

087,5 

0,08759 

694.1 

0,08999 

700,4 

0,09232 

706.5 

0,09460 

712,6 

0,0968.1 

718,4 

0,09901 

724,2 

0, 10I  > 

729.9 

0,1033 

735,5 

0,1054 

741,0 

0,1075 

746,5 

0,1095 

752,0 

0,1116 

757,4 

0,1136 

76.>.8 

(1,1156 

7(i8 , 2 

0,1176 

77:1,5 

0,1 1'*; 

778,9 

0,1216 

784,2 

0,1230 

789.6 

0,12.55 

794.9 

0.1275 

800,3 

0,1294 

805,6 

0.1314 

810.9 

0, 13.13 

816.3 

0,1352 

821,6 

0,1371 

(9  «27.0 

^^29 

ama 

0,07263 

676,5 

0,07510 

684,0 

0,07744 

691,1 

0,07969 

697,8 

0,08186 

704,2 

0.1101 

731,0 

0,1124 

736,6 

0,1147 

742,1 

0. 1 169 

747,5 

0,1191 

752,9 

0,1213 

758,3 

0,1235 

763,7 

0,1257 

769,0 

0.1278 

774,3 

0,1299 

779,6 

0,1321 

785.0 

0. 1342 

790,3 

0.1363 

795.6 

0.1384 

800.9 

0.1405 

806,2 

0,1426 

811,5 

0,1447 

816,8 

0. 1467 

822,1 

0.1488 

(S  827.4 

p-27 

ama 

0.07634  i 

671.7 

0.07900  j 

679.2 

0.08153  1 

686,3 

0.08ri<J6 

693,1 

0,08631 

699,6 

0.088.58 

705.8 

0,09079 

711.9 

0.09295 

717,8 

0,09.506 

723,6 

0,09718  j 

729,3 

0,09925 

7.14,9 

0.1013 

740,5 

0.103:1 

746,0 

0,1053 

751,5 

0. 1073 

7.56,9 

0.1092 

762.4 

n.lM2 

767,8 

0.11:11 

773,2 

0.11.50 

778,5 

0,1170 

783,9 

0,1189 

789.2 

0.1208 

794,6 

0,1226 

799.9 

0.1245 

805,3 

0.1204 

810,6 

0,1282 

816,0 

0.1301  1 

821,3 

0,1319 

826.7 

p  •  30  ama 

0,06976 

1  675.2 

0,07220 

682,8 

0,07450 

690,0 

0,07670 

696,8 

0.07883 

703,3 

0,1055 

730,5 

0,1077 

736,0 

0,1099 

741,5 

0.1120 

747.0 

0,1142 

752,4 

0,1163 

757.8 

0,1184 

763,2 

0,1205 

768,6 

0,1225 

773,9 

0,1246 

779,3 

0,1266 

784.6 

0,1287 

789,9 

0,1307 

795,2 

0,1327 

800,5 

0,1347 

805,9 

0,1367 

811,2 

0,1387 

816,5 

0,1407 

821,9 

0,1427 

^  827.2 

p  V  28  ama 

0,07309 

670,2 

0.07570 

677,9 

0,07820 

685,2 

0,080,59 

692,1 

0.08288 

698,7 

0.08S10 

705.0 

0,08726 

711,1 

0,08937 

717,1 

0,09144 

722.9 

0,09348 

728.6 

0,09549 

734.3 

0,09747 

739.9 

0,09942 

745,5 

0.101.1 

751,0 

0.1033 

736,5 

0,1052 

761,9 

0,1071 

767, 4 

0,1089 

772,8 

0,1108 

778.2 

0,1126 

783,5 

0,114.5 

788,9 

0,1163 

794,3 

0,1181 

799.6 

0,1109 

805,0 

0.1217 

810,4 

0,1235 

815.7 

0,12.53 

,*821,1 

0,1271 

(^826.4 

p  ••  31 

ama 

0.06708 

1  673,8 

0,06947 

681 .6 

0,07174 

688,9 

0,07391 

1  695,8 

0,07599 

702,4 
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290 

0.08397 

710.3 

0,08089 

709.5 

0.07801 

708.7 

300 

0.08603 

716.3 

0,08290 

715.6 

0.07997 

714,9 

310 

0.08804 

722.2 

0.08486 

721.6 

0,06189 

720,9 

320 

0.09002 

728.0 

0.08879 

727.4 

0,06377 

726,8 

330 

0.09197 

733.7 

0.08869 

733,2 

0,06562 

732,6 

340 

0.09389 

739.3 

0.09056 

738.9 

0.06744 

738,3 

350 

0.09579 

744.9 

0.09 >40 

744,5 

0.069>4 

743,9 

360 

0.09767 

750.5 

0.09423 

750.1 

0.0D102 

749,5 

370 

0.09953 

756,0 

0.09604 

7&5.6 

0,09278 

755,1 

380 

0.1014 

761.5 

0.09783 

761.1 

0,00452 

760.6 

3<M 

0.1032 

766.9 

0.09961 

766.5 

0,09625 

766,1 

400 

0.1050 

772.4 

0.1014 

772.0 

•0.09796 

771,6 

410 

0.1068 

777.8 

0.1031 

777.4 

0,09966 

777.0 

420 

0.1086 

783,2 

0,1049 

782,8 

0,1014 

782,5 

430 

0.1104 

788.6 

0,1066 

788.2 

0,1030 

787,9 

440 

0.1122 

791.0 

0,1083 

793.6 

0.1047 

791.3 

450 

0.1139 

799,3 

o.noo 

799.0 

0,1064 

798,7 

460 

0.1157 

804.7 

0.1117 

804.4 

0.1080 

804,1 

470 

0.1174 

810.1 

0.11.14 

809.8 

0.1097 

809,5 

480 

1  0.1192 

815.4 

0,1151 

815.2 

0,1113 

814,9 

490 

0.1209 

«  820.8 

0.1168 

820,6 

0,1129 

820,3 

500 

0.1226 

®  8'2G,2 

0,1185 

^825.9 

0,1146 

^  825,7 

1  p««32  ama 

/I-33 

ama 

p«e34  ama 

240 

0,06455 

672.4 

0.06218 

671,1 

0,05934 

669,8 

250 

0.06692 

680,3 

0.C6451 

679,1 

0.00224 

677,9 

260 

0.06916 

687.8 

0,06672 

686,7 

0,00442 

685,5 

270 

0.07129 

694,8 

0.06382 

693,9 

0,06649 

692,3 

280 

0.07333 

701.5 

0.0T081 

700,7 

0,06347 

099,8 

290 

0.07531 

707.9 

0,07277 

707,2 

0,07037 

706.4 

300 

0,07723 

714.1 

0,07165 

713.4 

0,07222 

712.7 

310 

0.07910 

720.2 

0,07048 

719,5 

0,07402 

718,9 

320 

0,08094 

726.1 

0.07827 

725,5 

0,07.577 

724,9 

330 

U, 08275 

732.0 

0,08003 

731,3 

0,07749 

730,8 

340 

0.08453 

737.7 

0.0.SI77 

737,1 

0,07919 

736.6 

350 

0,08628 

743,4 

0.08349 

742.9 

0,08087 

742.4 

360 

0,01801 

749,0 

0,08.518 

748,6 

0,0.3252 

748,2 

370 

0.08972 

754.6 

0.08<W5 

754,2 

0.08414 

753,8 

380 

0.09142 

760.2 

0.08850 

759.8 

0,08575 

759,3 

390 

0.09310 

765.7 

0.09014 

765.3 

0.08735 

764,8 

400 

0.09477 

771.2 

0,09176 

770,8 

0,08893 

770,4 

4t0 

0.09641 

776,6 

0.09337 

776,2 

0,09350 

775,9 

420 

0,09807 

782.1 

0.09-197 

781,7 

0,09206 

781,4 

430 

0.09969 

787,5 

0,00656 

787.2 

0,09361 

786,8 

440 

0.1013 

793,0 

0,09814 

792,6 

0.09514 

792.3 

450 

0,1029 

79.4,4 

0.09971 

798,1 

0,09667 

797,8 

460 

0. 1045 

803,8 

0.1013 

803,5 

0,09819 

803,2 

470 

0.1061 

809,2 

0,1028 

808,9 

0.09970 

808,6 

480 

0,1077 

814,6 

0,1044 

814,3 

0,1012 

814,1 

490 

0.1091 

820.0 

0.10.59 

819,8 

0,1027 

819,5 

500 

0.1109 

825.4 

0, 1074 

(T)  825,2 

0. 1042 

/n  824.9 

0  a  35 

'  p  a  36  ama 

1  p«37  ama 

250 

0.00010 

676,5 

0.05806 

675.1 

0,05613 

673,8 

260 

0,06226 

684,4 

O.0CO2O 

683.2 

0,05826 

682,0 

270 

0,06430 

691 .8 

0.06222 

690,8 

0,06025 

689,7 

280 

0.06625 

698,8 

0,06414 

697,9 

0,06214 

697,0 

290 

06812 

705.5 

O.OfiSH" 

704,7 

0.06396 

700.9 
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0,06993 

0,07169 

0,07341 

0,07510 

0,07676 

0,07839 

0,08000 

0,08159 

0,08316 

0,08472 

0.08636 

0.08779 

0,08931 

U.09082 

0,09232 

0.09381 

0,09529 

0,09076 

0.09823 

0,09969 

0,1011 


0,05430 

O.aOlHO 

0.05838 

0.0i>023 

0,00204 

0.00376 

0,00543 

0,00706 

0.00865 

0,07021 

0.07174 

0.07325 

0,07474 

0,070^:1 

0,07707 

0,07911 

0,08W,4 

0.08195 

0.08335 

0,08474 

0.1)8013 

0,08751 

0,08887 

0,09023 

0,09158 

0,09293 

0,09427 

0,09560 

0,09693 

0,09628 

0,00968 


711,9 

0,06778 

711,2 

0,06571 

718,1 

0,06949 

717.5 

0,06741 

724,2 

U, 071 18 

723,6 

0,06906 

730,2 

0,07283 

729,6 

0.07068 

736,0 

0,07445 

735,5 

0.07227 

741.8 

0,07605 

741,3 

0.07384 

747.5 

0,07763 

747,1 

0,07538 

753,2 

0.07918 

752.8 

0.07690 

758,8 

0.08072 

758,4 

0.07840 

764,4 

0.08224 

764,0 

0.07989 

770,0 

0.08375 

769,6 

0,08136 

775.5 

0.08.524 

775,1 

0,08282 

781,0 

0.08672 

780,6 

0,08427 

786,5 

0.08819 

786,1 

0,08571 

792,0 

0,08965 

791,6 

0,08713 

797,4 

0,09111 

797,1 

0,08853 

802.9 

0.09255 

802,6 

0,08996 

808,3 

0,00398 

808,1 

0,09136 

813,8 

0,09541 

813,5 

0.09275 

819.2 

0,09683 

819,0 

0,09414 

0,09824 

^824.4 

0,09352 

^  •  39  ama 


672,5 

0,05257 

671,1 

0,05090 

680,9 

0.05166 

679,6 

0,05297 

088.7 

0.05662 

687,6 

0.05491 

f.%.0 

0.1)5847 

695,1 

0.05675 

702.9 

0,06023 

702,1 

0,05349 

709,5 

0,06192 

708,8 

0,06016 

710.0 

0,06356 

715,3 

0,06178 

722.3 

0.06.516 

721 ,6 

0,00335 

728,4 

0,00672 

727,7 

0,06488 

734,3 

0,06825 

73.1.7 

0,06038 

740.2 

0.CC975 

739,6 

0,00786 

716.0 

0.0712.J 

745.5 

0,06931 

"•51 .8 

0.07269 

751,3 

0,07074 

757.5 

0,07413 

7.57,  (1 

0,072’15 

703,2 

0,075.56 

702.7 

0,073.55 

768.8 

0.070')7 

768,4 

0.07493 

774,4 

0.078.36 

774,0 

0,07030 

779.9 

0.179/4 

779.5 

0,07705 

78.5,4 

0,(8111 

785.1 

0,07899 

791,0 

0,08247 

790,6 

0,08032 

796.5 

0,08.382 

7%. 2 

0,08164 

802.0 

0,08517 

801,7 

0,08295 

807,5 

0,08651 

807,2 

0,08420 

812,9 

0,08784 

812,7 

0,08.556 

818,4 

0,08916 

818,2 

0,08685 

823,9 

0,09047 

823,6 

0,08814 

829,4 

0,09178 

829,1 

0,08942 

834,8 

0,09368 

834,6 

0,09069 

840,3 

0,09438 

840,1 

0,09196 

845,8 

0,09668 

845,5 

0,09322 

881,2 

0,09697 

851,0 

0,09448 
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>93 


Q 

ama 

•  44  ama 

260 

0,04965 

675,8 

0,04699 

673,2 

270 

0,05177 

684,2 

0,04883  . 

681.9 

280 

0,05356 

602,1 

0,05065 

690,0 

'290 

0.05526 

699.5  ■ 

0,05232 

697.6 

300 

0,05689 

706,5 

0,05392 

704,8 

310 

0.05846 

713.2 

0,05544 

711,6 

3'20 

0,05998 

719,6 

0,05692 

718,2 

330 

0,06146 

725.9 

0,05836 

724.6 

340 

0.06292 

732,0 

0,05977 

730.8 

330 

0,06435 

738.0 

0,061  IS 

736,9 

360 

0.06575 

744,0 

O,0C'25O 

742,9 

370 

0.06712 

749,9 

o.ixa-o 

748.9 

380 

0.06848 

755.7 

0,06514 

754.8 

390 

0,06982 

761.4 

0,06643 

700,6 

400. 

0,07114 

707,1 

0.06771 

760.3 

410 

0,07245 

772.8 

O; 06897 

77?,0 

420 

0.07375 

778.4 

0.07022 

777.7 

430 

0.07504 

784,0 

0,07146 

783,4 

440 

0,07632 

789.6 

0,07268 

789,0 

450 

0.07759 

795,2 

0.07393 

794,6 

460 

0,07885 

800. 7 

0,07511 

803,1 

470 

0.U80I0 

806.3 

0,07631 

805. T 

480 

0,08134 

811.8 

0,07750 

811,3 

490 

0,08257 

817.4 

0,07808 

816.8 

500 

0.08380 

822.9 

0,07956 

822.3 

510 

0.03502 

8-28,4 

0.0810.1 

827.9 

520 

0,08624 

833.9 

0.08-22 1 

833,4 

530 

0.0S746 

839,4 

0.08337 

838.9 

540 

0,03.867 

844.9 

0.08453 

844,4 

550 

0.08;i87 

-  850,4 
/S 

0.085138 

850.0 

a  48  ama 

p  =  S0 

& 

ama 

270 

0.04381 

677,1 

0,04157 

674,7 

280 

0,04554 

685,8 

0.04327 

683,6 

290 

0.04716 

693,9 

0.01486  ' 

691,9 

300 

0.01869 

701,4 

0.01637 

699.7 

310 

0,05015 

708,5 

0,04781 

707.0 

320 

0.05156 

715.3 

0,04919 

714,0 

330 

0,05292 

721,9 

0.0.5052 

720,7 

340 

0,05424 

728,4 

0.05181 

727,2 

350 

0.05555 

734.7 

0.05307 

733,6 

360 

0,05682 

740,8 

0,05431 

739,8 

370 

0.05806 

746.9 

0.0555-2 

745.9 

380 

0.05928 

752.9 

0.05671 

751.9 

390 

0,060.50 

753,9 

0.05788 

757,9 

400 

0.06169 

764.7 

0,0.5003 

763.8 

410 

0,06286 

770,4 

0.06017 

769,6 

420 

0,06402 

776,2 

0,06130 

775.4 

430 

0.06517 

781,9 

0,06241 

781.2 

440 

0,06631 

787,6 

0,05351 

786,9 

450 

0,06744 

793.3 

0,06460 

792,6 

460 

0,06656 

798,9 

0,06668 

798,2 

0,04439 
0.04625 
0,04799 
0,04063 . 
0,05119 

0,05269 

0,05413 

0.05553 

0,05669 

0,05823 

0,05954 

0,06083 

0.06209 

0,06.9.93 

0.06456 

0.C5S78 

0.06699 

0.00818 

0.06936 

0,07053 

0.07169 

0.07284 

0,07399 

0,07513 

0,07627 


0,03949 

0,04117 

0.04275 

0,04124 

0,04565 

0.194700 

0,04830 

0,04956 

0,05979 

0,05200 

0.05318 

0.05433 

0,0.5516 

0,0,5658 

0,05769 

0,05978 

0,05936 

0,06092 

0,06193 

0,06303 
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470 

0.06967 

804,5 

0.06676 

803,9 

0,06406 

803,3 

480 

0,07078 

810,1 

0,06782 

809,6 

0,06509 

809,0 

490 

0.07188 

815,7 

0.06888 

815,2 

0,06611 

.  814,6 

500 

0,07297 

821,3 

0,06993 

820,8 

0,06713 

820.3 

510 

0.07405 

826,9 

0,07098 

826,4 

0,06814 

825,9 

520 

0,07513 

832,4 

0,07202 

832.0 

0,06915 

831,5 

530 

0,07621 

838,0 

0.073(S 

837.5 

0,07015 

837,1 

540 

0.07728 

843,6 

0,07408 

843.1 

0,07114 

842,7 

550 

0,07834 

849,1 

0,07511 

848,7 

0.07213 

848,3 

i 

Q 

pstU  ama 

p~S6 

ama 

p  s>58  ama 

270 

0.03754 

669,3 

0,03571 

666,6 

280 

0.03922 

679,0 

0,03739 

676,5 

0,03566 

674,0 

290 

0,04038 

687,8 

0.03895 

685,6 

0,03723 

683,5 

300 

0.04225 

696,0 

0.04041 

694,1 

0,03868 

692,2 

310 

0,04364 

703,7 

0,04178 

702,0 

0,04004 

700,3 

320 

0.04497 

711.0 

0.O1308 

709,4 

0,04132 

707,9 

330 

0.0462S 

717,9 

0,04433 

716.5 

0,04256 

715,1 

340 

0.04748 

724,6 

0.04535 

723,4 

0,04374 

722,0 

350 

0,04868 

731,2 

0.04672 

730,0 

0.04489 

728,8 

360 

0,04985 

737.6 

0,04787 

736,5 

0,04601 

735,4 

370 

0,05100 

743.9 

0,04899 

742.8 

0,04710 

741,8 

380 

0.05’I3 

7,50.0 

0,05009 

749,0 

0,04817 

748,1 

390 

0,0.5323 

756. 1 

0,0.5116 

755,1 

0,04922 

754,3 

400 

0,05432 

762,1 

Q. 05221 

761,2 

0,05025 

760,4 

410 

0.03339 

768,0 

0,05325 

767,2 

0,05126 

766.4 

420 

0,05645 

773,9 

0.05428  * 

773,1 

0,05226 

772,4 

430 

0,05749 

779,7 

0,05530 

779,0 

0,05325 

778,3 

440 

0.05352 

785,5 

0,05630 

784,8 

0,05423 

784,2 

450 

0,05954 

791 .3 

0.05729 

790,6 

0,05520 

790,0 

4t>0 

0.06056 

797,0 

0.05827 

796,4 

0,05615 

795,7 

470 

0,06157 

802,7 

0.05925 

802,1 

0.05709 

801,5 

480 

0,06257 

808,4 

0,06022 

807,8 

0,05803 

807,2 

490 

0.06356 

814,0 

0,06118 

813,5 

0,05896 

313,0 

500 

0.06454 

819,7 

0,06213 

819,2 

0,05938 

818,7 

510 

0.06552 

825,4 

0,00308 

824,9 

0,06080 

824.4 

520 

0,06649 

831.0 

0.06402 

8.30,5 

0.06171 

830,0 

530 

0,06745 

836.7 

0,06495 

836,2 

0,06262 

835,7 

540 

0,06841 

842,3 

0.(8;588 

841,8 

0,06352 

841, .3 

550 

0,06937 

847.9 

0,06681 

847,4 

0,06442 

847.0 

Q 

(D 

p  «■  60  ama 

1  p  a  62  ama 

#>-64 

ama 

250 

0.0.340S 

671,2 

0,03252 

668,5 

0,03111 

665.9 

:91 

0,0.3.562 

681,3 

0,03409 

679,0 

0,03267 

676,6 

300 

0.03705 

690,3 

0,03553 

688,3 

0,03409 

686,2 

310 

0,03840 

698,6 

0,03687 

696,8 

0,03,542 

695,0 

320 

0,03967 

706,4 

0,03813 

704.7 

0,0.3666 

703,1 

330 

0,04088 

713,8 

0,03932 

712,2 

0,03785 

710,7 

340 

0,04204 

720.8 

0.04046 

719.4 

0,03898 

718.0 

350 

0,04316 

727.8 

0,04157 

726,4 

0,04007 

725.1 

360 

0,04426 

734,2 

0.04265  1 

!  733,1 

0.04113 

732.0 

370 

0,04534 

740,7 

0,04370  1 

739,7 

0,04216 

738,6 
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3S0 

0.046.19 

747.1 

0,04472 

746,1 

0.04316 

745.1 

390 

0.04741 

753,3 

0,04572 

752,4 

0.04414 

751.5 

400 

0.04642 

759. 5 

0,01670 

758.6 

0.04510 

757,7 

410 

0.04941 

765.6 

0.04767 

764,7 

0.04604 

763,9 

420 

0.05038 

771,6 

0.04862 

770,8 

0,04697 

770,0 

430 

0.05134 

777.5 

0.04955 

776,8 

0.04788 

776.0 

440 

0.032-29 

783,4 

0.05048 

782.7 

0,04878 

782,0 

450 

0.05323 

789.3 

0,05140 

788,6 

0,04967 

787,9 

460 

0.05416 

795.1 

0,03230 

7'.4.5 

0,05056 

793.8 

470 

0.05308 

800,9 

0.05320 

800,3 

0,05143 

799,7 

460 

0.05599 

806.7 

0,05409 

806.1 

0,05230 

805,5 

490 

0.05669 

812.5 

0.05496 

811,9 

0,05315 

811,3 

SOO 

0.05779 

818.2 

0,05.583 

817,7 

0,C5400 

817,1 

510 

0.05668 

823,9 

0.05670 

8-23,4 

0,05484 

822,8 

520 

0.05957 

829.5 

0.05756 

8-29,1 

0,05568 

828,6 

530 

0,06045 

835.2 

0.05841 

834,8 

0,05651 

834,3 

540 

0,061.12 

840,9 

0.05926 

840,4 

0.05733 

840,0 

550 

0.06219 

r\  8'*6.S 

0 

0,0601 1 

-846.1 

Q 

0,05815 

^845.7 

yj  —  66 

ama 

/>  «■  6d  ama 

p-70 

ama 

290 

0.03131 

1  674,1 

0.03002 

671,5 

0,02880 

\  668,9 

300 

0,03274 

664.1 

1  0.03146 

681 ,9 

0.03025 

679.6 

310 

0.0.3106 

693.1 

0.03278 

691,2 

0.03156 

689,2 

320 

0.03510 

701.4 

0.03401 

699,7 

0,03278 

698.0 

330 

0.03647 

709.2 

0,03517 

707,7 

0.03393 

706,2 

340 

I  0.03758 

716,7 

1  0.03627 

I  715,3 

0,03502 

1  713.9 

350 

0,0.1663 

723,9 

1  0.03732 

722,6 

0,03606 

721,3 

360 

0,03'.l(i9 

730,8 

0.03H34 

729.6 

0,03706 

728.4 

370 

0.04070 

737.5 

0,03933 

736,4 

0,1)3804 

735,3 

360 

0,04168 

744,1 

1  0.01030 

743,1 

0,03899 

742,0 

390 

0.04264 

750.5 

0.04124 

749,7 

0,03992 

748,7 

400 

0,04:)59 

756.8 

!  0,04216 

750.0 

0.04082 

755,1 

410 

0,04451 

763,0 

0.04306 

762,2 

0,04171 

761,4 

420 

0.04542 

769.2 

0.04395 

768,4 

0,04258 

767,6 

430 

0,04631 

775.3 

0,04483 

774.5 

0,04343 

773,8 

440 

0.04719 

781.3 

0.04.560 

780,6 

0,04427 

779,9 

4.50 

0,01.406 

787.3 

0.046.54 

786,6 

0,04510 

785,9 

4f4) 

0, 04692 

793,2 

0.04738 

792,6 

0,04592 

791,8 

470 

0,04977 

799. 1 

0,04821 

798,5 

0.1)4673 

797,8 

480 

0.05061 

805,0 

0,04903 

804,4 

0,04753 

803,8 

490 

0.05144 

810,8 

0,04984 

810, 2’ 

0,04833 

809,7 

500 

0.05 '27 

816.6 

0.0,5065 

816,0 

0,04912 

815,5 

510 

0,0.5309 

822.4 

0,05145 

821,3 

0,04990 

821,3 

520 

0.05391 

828,1 

0,05224 

1  827.6 

0,05067 

827.1 

530 

0.05472 

833.8 

0,05303 

833,3 

0,05144 

832,9 

540 

0.0.5552 

839.5 

0.0538! 

839.1 

0,05220 

838,7 

550 

0,03632 

845,2 

© 

0,05459 

^  844,8 

0,05296 

^  844.4 

290 

p-72 

0.02763 

ama 

666.2 

y,-74 

0,02652 

ama 

663,2 

p-76 

ama 

300 

0.0-2909 

677,3 

0,02799 

675.0 

0.02694 

672,6 

310 

0,03040 

687,3 

0,02931 

685,3 

0.02825 

683,2 

320 

0,03162 

696,3 

0,03052 

694.5 

0,0-2946 

692,6 

330 

0,03-276 

704,6 

1  0,03165 

703,0 

0,03059 

701.3 
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0,03384 
0,03487 
0.03586 
0.03682 
0. 03775 

0.0.3SU 

0.03*35 

0.04042 

0.04127 

0.04211 

0.04293 

0.04374 

0.044.36 

0.04534 

0.04612 

0.04600 

0.04707 

0.04843 

0.04919 

0.04994 


0.05068  I  838.2 
0.05142  1^  843.9 

p  —  76  ama 

0.02593  670.0 
0.02720  681.0 
0.02847  690.8 
0.02939  699.7 
0.03064  708.0 

0.03164  715.9 
0.03260  723.5 
0.03.352  730,8 
0,03441  737,8 
0,03528  744.7 

0.03013  751,4 
0,03005  7.57.9 
0,03/70  704.3 
0.(i:l.S,5,5  770,7 
0.03913  777,0 

0.04009  783.2 
0,04081  789,3 
0.04159  795,4 
0.04233  801,4 
0.04305  807.4 


0.04377 

0.04448 

0.04519 

0.04589 

0.04659 

0.04728 


813,3 
819.2 
825.1 
831 .0 
836,8 
0  842.6 

84  ama 


0.03272  711,0 
0,03374  718,6 
0.03472  725,9 
0,03566  733,0 
O.036S8  739.9 

0.03748  746,6 
0.03835  753,2 
0,03920  759,7 
0.04003  766,0 
U.04085  772.2 

0,04166  778.4 
0.04246  784,5 
0.04325  790.6 
0,04402  7%.  6 
0.04479  802.6 

0.04535  808.5 
0,04630  814.4 
0.04704  820.3 
0.04778  826.1 
0,04852  831 .9 

0,04925  837,7 
0.04997  Q  843,5 

p^SQ  ama 

0.02497  667.4 
0.02631  678,9 
0,027.52  '688.8 
0.02864  697,9 
0.02968  706,5 

0,03067  714.6 
0.03162  722,3 
0.032.51  729,6 
0.0:»42  736,7 
0.03427  743.6 

0,03510  750,4 
0.03591  757,0 
0.03670  763,5 
0,03748  769.9 
0.03824  776.2 

0.03899  782.4 
0.0397.1  788.6 
0.04016  794,7 
0.04119  800,8 
0,04190  800,3 

0.04260  812.8 
0.043,30  818,7 
0.04399  824.6 
0.04468  830,5 
0,04536  _  836.4 
0.04604  0  842,2 

p  86  ama 


0,03166  709.5 

0,03267  717.3 

0,03364  724.7 

0.03457  731,9 

0.03547  738.9 

0,03635  745,7 

0.0.3721  .  752,3 

0,03805  758,8 

0.038S7  765.2 

0,03967  771,5 

0.04046  777.7 

0,04124  783,9 

0,04201  ■ 790,0 

0.04277  796,0 

0,04352  802,0 

0.04426  807,9 

0,04500  813.9 

0,04573  819,8 

0.04645  825,6 

0,04717  831,5 

0. 04788  837,3 

0.04859  Q  843.1 

p  ~  82  ama. 

0.02404  664,7 

0,02540  076,6 

0.U206I  086.9 

0,02773  096.3 

0,02877  705.0 


0,02075 

0,03009 

0,0.3139 

0,03246 

0,03330 

0,0.3412 
0.03491 
0,03.370 
0, 0.3646 
0,03721 

0.0379.5 

0,(13868 

0,03940 

0,04010 

0,04030 

0.04149 

0,04217 

0,04285 

0,04353 

0,04419 

0,04485 


812.2 
813,2 
824.1 
830.0 
-  835.9 
(5)841.8 
88  ama 


0,02315 

661,9 

0.02230 

659,0 

0,02452 

674,3 

0.02368 

671,8 

0,02286 

0,02574 

684,9 

0,02490 

682,8 

0,02410 

0,02685 

694,5 

0,02602 

692,7 

0,02522 

0,02789 

703,4 

0,02705 

701,8 

0,02626 

OOC  «  30041104 
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350 

0,02887 

711.7 

0,02802 

710,3 

360 

0,02980 

719,6 

0,02895 

718,3 

370 

0,0.1069 

727,2 

0,02963 

726,0 

380 

0,03155 

734,5 

0,03068 

733,4 

390 

0,03238 

741.6 

0.03150 

740,6 

400 

0.03319 

748.5 

0,03230 

747,5 

410 

0,03-198 

755.3 

0,03307 

754,3 

420 

0,03475 

761.9 

0.0.3.182 

761.0 

430 

0,01550 

768.4 

0,03457 

767,6 

440 

0,01624 

774,8 

0,03530 

771,0 

450 

0,03696 

781,1 

0,03601 

780.3 

460 

0,03767 

787.3 

0.03671 

786.6 

470 

0,0:38-17 

793.5 

0,0.3740 

792,8 

480 

0,03907 

799,6 

0,0.1808 

799.0 

490 

0.01975 

805,7 

0,03875 

805,1 

500 

0.04043 

811,7 

0,03942 

811,1 

510 

0,04111 

817,7 

0,04008 

817,1 

520 

0.04177 

823,6 

0,04073 

823,1 

530 

0,04243 

829,5 

0.04138 

829,1 

540 

0,04308 

835,4 

0.04202 

835.0 

550 

0,04373 

^841.3 

0.04265 

.  840,9 
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0,02209 

666,9 

0.02132 

664,2 

320 

0,023-13 

678,6 

0.02258 

1)76,4 

330 

0,02446 

689,0 

0.02371 

687,1 

340 

0.02550 

698,5 

0,02474 

696,8 

350 

0,02645 

707,3 

0.02570 

705,8 

360 

0,027.16 

715,6 

0,02661 

714,1 

370 

0,02823 

72.1.5 

0,02747 

722.2 

380 

0,02006 

73l,l 

0,02830 

7.10,0 

390 

0,02087 

738,5 

0,02909 

737.5 

400 

0,0.1065 

745,6 

0,02980 

744,6 

410 

0,03140 

7.52.5 

0,03060 

7.51.6 

420 

0,01213 

759.4 

0.03133 

7.58.4 

430 

0. 0-1285 

766.0 

0,03204 

70.5,1 

440 

0,03-1.56 

772,5 

0.0-3273 

771,7 

450 

0,03425 

778.9 

0,03341 

778,2 

460 

0,03493 

785.2 

0.03408 

784.6 

470 

0.03-559 

T9I.5 

0.0.1474 

790,9 

480 

0.0'i62.5 

797,7 

0.0-9539 

797,1 

490 

0,03690 

803,9 

0.0-1003 

80.3.3 

500 

0.03754 

810,0 

0,03665 

809.5 

510 

0,03818 

816,1 

0.03728 

815.6 

520 

0.03881 

822.1 

0,0:i790 

821,6 

5.10 

0,0394.3 

828,1 

0.0.1851 

827,6 

.540 

0,04005 

834,1 

0. 91911 

833,6 
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0,04066 

(.  840,0 

0.03971 

-839.5 

O 
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ama 
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0,01988 

658,6 
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0,02118 

671.8 

0,02051 

669,4 

3.10 

0,02231 

683.4 

0,02165 

681,2 

340 

0,02335 

693.4 

0.02269 

691,6 
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0,02431 

702,7 

0,02.365 

701,2 

0.02722  708,9 
0,02814  717,1 
0.02901  724,8 
0,02985  732,3 
0,03006  739,6 

0.03145'  746.6 
0,03222  753,6 
0,03295  760,2 
0,03368  766.8 
0,03440  773,3 

0,03510  779.7 
0,03579  786.0 
0,0-3647  792.2 
0,03714  798,4 
0,03780  804,5 

0,03816  810,6 
0,0-3911  816.6 
0.03975  822.6 
0,04038  828.6 
0,04101  834,5 
0,04163 

© 

p  »  94  ama 

0,02059  601,4 
0,02187  674.1 
0,02300  685,2 
0,02403  095,1 
0,02499  704,3 

0,02589  712.9 
0,02675  721 ,0 
0,02750  728,9 
0,02835  736.4 
0,02911  743,7 

0.02985  750,7 
0,03057  757.6 
0,03127  704,4 
0,03195  771,0 
0,03262  777,5 

0,03327  783,9 
0,03392  790.2 
0,0.34.56  796,5 
0,0-3519  802,7 
0,03581  808,9 

0,03642  815,0 
0,03703  821.1 
0.03763  827, 1 
0,03823  833.1 
0,03882 

lOO^] 

0,01853  652,5 
0,01986  666,9 
0,02102  079,0 
0,02206  689,8 
0.02301  699,6 
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0,02520 

711.5 

0.02452 
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0.02605 

719.8 

0,02539 

718.5 

0,02688 

727,7 

0,02619 

726,5 

0.02765 

735,3 

0,02696 

734,2 

0,02840 

742,6 

0.02771 

741,6 

0,02912 

749,7 

0,02843 

748,8 

0,02983 

756,7 

0,02913 

755.8 

0.03052 

763. 5 

0.02981 

762,7 

0,03120 

770.2 

t  0,03048 

769,5 

0,03187 

776.8 

0,031 13 

776,1 

0.03252 

781,3 

0,03177 

782,5 

0,03315 

789.7 

0,03240 

788,9 
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796,0 
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795,2 

0.03439 
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0.03362 

801,5 

0,03500 
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0,03423 
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SU.O 

0,03620 
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0.03541 
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0.03679 

826,6 

0,03599 

826,2 

0,03738 

832,6 

0.03656 

832,2 

0,0.3796 

838,6 

0.03713 

838.2 

- 

(D  = 

- 

1  p  »  105  ama 

p«  110  ama 

0.01834 

660. 2 

0.01687 

651,0 

0,01952 

673.6 

0,01812 

667,8 

0,02056 

685,2 

0.01919 

080,3 

0,02152 

695,5 

0.02016 

691.2 

0.02241 

704,9 

0.02105 

701,1 

0.02325 

713,8 

0.02187 

710,4 

0,02404 

722.3 

0,02265 

719,2 

0.02479 

730,3 

0,023.39 

727.5 

0,02531 

7.38,0 

0.02410 

735,4 

0,02621 

745,5 

0.02178 

743,1 

0,02988 

752,7 

0.02544 

7.50.6 

0.02753 

759,8 

0.02608 

757,8 

0.02816 

766.7 

0,02670 

764,8 

0.02878 

77I.S 

0.02730 

771,7 

0.02910 

780.1 

0.02789 

778,4 

0.03000 

786.0 

0.02847 

785.0 

0,03059 

793.1 

0.0-2904 

7DI.5 

0,03117 

799,5 

0.0-2960 

798,0 

0.03174 

805,9 

O.UIOIS 

804.4 

0,03230 

812,1 

0,03070 

810,7 

0,03286 

818,3 

0.03124 

817.0 

0.03341 

824,5 

0,03177 

823,2 

0,03395 

830,6 

0.0.1229 

829,4 

0.03449 

836,7 

0.0.1->6t 

835,5 

0,03502 

842,7 

0.03332 

841,6 

0,03.555 

848,7 

0,03383 

847,7 

0,03608 

854,7 

0,03434 

853.8 

0,03660 

860,7 

0,03484 

859,8 

0,03711 

8,56.6 

0,035.13 

865,8 

0,02390  708.6 
0,02475  71 7. 1 
0.02555  725,3 
0.02631  733,1 
0.02705  740,6 

0.02776  747,9 
0.02845  755.0 
0.02913  "61.9 
0,02979  768.7 
0.03043  775,4 

0,03106  781,9 
0.03168  788.3 
0.03228  794.7 
0.03288  801.0 
0.03348  807.2 

0.0.3407  813.4 
0.03164  819,6 
0.03521  825.7 
0.03578  831.7 
0,03634  837,7 

0.03689  843,7 
0.03744  819,7 
0,03799  855.7 
0.03853.  861,6 
0.03907  Q  867,5 

pml]S  ama 

0,01549  645.0 
0,01680  661.5 
0,01792  675.0 
0,01890  086,7 
0.01979  697,2 

706.9 
716,0 

724 .6 
732,8 

740.7 

748,3 

755.6 

762.8 

709.8 

776.6 

0,02708  783,3 
0,02763  789,9 
0,02817  *06.5 
0.02871  803,0 
0,02924  809.4 

0,02976  815.7 
0,03027  822,0 
0,03078  828,2 
0,03128  834.4 
0.03177  840.S 

0,03226  846,6 
0.03275  852.7 
0,03323  858,7 
0.03371  864.7 


0,02061 

0,02138 

0,02211 

0.02231 

0,02.348 

0,02412 

0,02475 

0.02536 

0,025'35 

0,02652 
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120  ama 

330  0,01557  654.6 
340  0.01074  669.4 
350  0.01772  662.0 
360  0,01802  693.1 
370  0.01945  703.3 

380  0.02022  712,7 
390  0,02094  721.6 
400  0.02163  730,0 
410  0.02229  738.1 
420  0.02292  745.9 

430  0.02353  751.4 
440  0.02112  700.7 
430  0.02409  767.8 
460  0,02525  774,8 
470  0,02580  781,7 

480  0,02034  788.4 
490  0.02687  795,0 
500  0.02739  801.5 
510  O.O'iTOO  808.0 
520  0.02840  814.4 

510  0.02390  820.7 
540  0.029)9  827,0 
550  0.02967  633.2 
560  0.03035  839,4 
570  0.U3082  845.5 

580  0.03129  851,6 
590  0.03176  857,7 
600  0,03222  803.8 

(3 

/)  =  135  ama 


340 

0,01352 

649.9 

.150 

0.01464 

666,1 

360 

O.OlS.iM 

679.6 

370 

0,01642 

691.5 

380 

0,01720 

702.3 

390 

0,01792 

712,2 

400 

0.01858 

721.5 

410 

0.01921 

730.3 

420 

0.01981 

738.7 

430 

0,02039 

746.7 

440 

0,02095 

754.4 

450 

0,02149 

761.9 

460 

0,02202  - 

769,3 

470 

0,02-251 

776.5 

480 

0.02303 

783.5 

490 

0,02.151 

790.4 

500 

0.02399 

797.1 

510 

0,02446 

803,8 

520 

0.02492 

810,4 

530 

0,02538 

816,9 

(!)  (3 

;>>•  125  ama  130  ama 

0,01439  646,9  0.01326  638,5 
0.0ISC3  663,4  0,01453  656,9 
0.01664  G77.0  0.01560  671.7 
0.01754  688,8  0,01653  684,3 
0,01837  699,5  0.01736  695.6 

0.01914  709.4  0.0)813  705.9 
0,01986  718.6  0.01885  715.4 
0.02054  727,2  0.01952  724.4 
0.021 19  735,9  0,02016  732.9 
0.02181  743,5  0.02077  741.1 

0.02240  751,2  0,02136  749.0 
0.02'297  758,7  0,02193  756.6 
0.02353  765.9  0,02248  763.9 
0.024(«  773,0  0.02301  771.1 
0.U2462  779.9  0.02353  778.2 

0,02515  786.7  0. 0-2404  785.1 
0.0-2567  793.4  0.02455  791.9 
0,02617  800.0  0.0-2.504  798.6 
0.02666  806.6  0,02552  805,2 
0,02715  813,1  0.02599  811.7 

0.0-2763  819,5  0,02646  818,2 
0.0-28H  8-25.8  0.0-2692  824,6 
0.0-2858  83-2.1  0,02738  830.9 
0.02004  838,3  0,02783  837,2 
0,02950  844.5  0,02827  843,4 

0,02995  850.7  0,02871  849,6 
0.03040  856,8  0,02915  855,8 
0,03085  862,9  0.02958  861,9 


p  wm  140  ama  p  —  145  ama 

0.01254  642,2  0,01158  633.6 
0.UI17.)  660,1  0,01284  653.6 
0.01469  6  74,7  0,01386  669,5 
0,01554  687.3  0.01474  682.9 
0. 01611  698,6  0,01552  694.8 

0.01702  708.9  0.01623  705,5 
0.01769  718.5  0.01689  715,5 
0.01832  727,6  0.01751  724,9 
0,01892  736.2  0,01810  733,7 
0,01949  744,4  0,01866  742.1 

0.02004  752.3  0,01920  750.2 
0,0U057  759.9  0,01972  758.0 
0.02109  767.4  0,0-2022  765.5 
0,02159  774,7  0,02071  772. 9 
0.02208  781,8  0,02119  780.2 

0,02255  788.8  0,02166  787.3 
>’,02302  795.6  0.02212  794.2 
1). 0-2.148  802,3  0,02257  801,0 
0.02393  809,0  0,02301  807,7 
0,02437  815,8  0,02344  814.3 
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390 

400 

410 

420 
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440 

450 

460 

470 

480 
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.600 
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640 
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350 

360 

370 
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390 

400 
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440 


0,02583 

823.4 

0,02481 

822,1 

0.02627 

829.8 
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828.5 

0,02671 
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0,02650 
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P-IX 
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ama 
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6) 

ama 

0.01193 

646,8 

0,01114 

639,5 

0,01307 

664,1 

0,01230 

658,4 
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0.01321 

673.9 
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091,0 

0,01401 

687,0 

0,01546 

702.2 

0.01473 

698,7 

0,01611 
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0,01539 

709.3 

0.01672 

722.0 

0,01600 

719.2 

0,01730 

731,1 

0.01658 

728,5 

0,01786 

739,7 

0,01713 

737.3 

0,01840 

747,9 

0,01766 

745,7 

0.01892 

755,9 

0,01817 

753,8 

0,01942 

763,6 

0.01866 

761,7 

0.01990 

771,1 

0,01913 

769,4 

0,02037 

778,4 

0.01959 

776,8 

0.02083 

785,6 

0,02004 

744,0 

0.02127 

792,6 

0.02048 

791.1 

0,02171 

799,5 

0,02091 

798,1 

*  0.02214 

806,3 

0.02133 

a05.0 

0,02257 

813.0 

0.02174 

811,8 

0,02298 

819,6 

0,02215 

818,5 

0,02319 

826,2 

0,022.55 

825,1 

0,02379 

8.32,7 

0,02295 

831 .6 

0,02419 

839,1 

0.02334 

838,1 

0,021.59 

Mo,  5 

0,02372 

844,5 

0.02498 

851,9 

0.02410 

850,9 

••0,025.36 

853,2 

0.02448 

857,2 

0,02574 

864,4 

0,02485 

863.6 

0.02612 

870,7 

0.02522 

869,8 

0.02649 

876,8 

0.02559 

876,0 

0,02686 

■  883,0 

0,02594 

882,2 

0.0-2723 

889.1 

0,02630 

888.3 

>>-166 

0 

ama 
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Qa 

0.00953 

0.01081 
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645,5 

O.OtOH 
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657.7 

0,01267 
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0.01278 

687,1 
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702,7 

0,01345 
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0,01468 

713.2 
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0.01525 

723,1 

0.01463 

720,2 

0.01579 

732,4 

0,01517 

729.8 

0,01630 

741,2 

0,01569 

738,9 

0,02387 

820,9 

0,02429 

827,4 

0,02470 

833,8 

0,02511 

840,2 

0.02551 

846,6 

0,02591 

852,9 

0,02631 

859,1 

o 

p  a*  160  ama 


0.01033 

630,9 

0.01151 

652,2 

0.01247 

668,9 

0,01330 

682.8 

0,01403 

695,0 

O.OU69 

706.0 

0.01531 

716.2 

0.01589 

725,8 

0,01643 

734.9 

0,01695 

743,5 

0.01746 

751,7 

0.01795 

759.7 

0,01842 

767,5 

0,01887 

775,0 

0.019-31 

782. 3 

0,01974 

789.6 

0,02016 

796.7 

0,02057 

803,6 

0,02098 

810,4 

0,02138 

817.2 

0.02177 

823,9 

0,02215 

830,5 

0,02253 

817.0 

0,02291 

843,5 

0,02328 

849.9 

0.02365 

856,2 

0,02401 
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0,02472 
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0.01862 
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777,4 

SOO 
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795.2 

0.01870 

793.7 
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835,9 
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834,8 

0,02040 

833,7 

580 

0.02215 

842,4 

0.02143 

841,4 

0,02075 

840,3 

590 

0,02251 

848,9 

0.02178 

847,9 

0,02110 

846,9 

600 

0,02287 

855.3 

0.02213 

854,3 

0,02144 

853.4 

610 

0,02322 

861,7 

0,02248 

860,8 

0,02178 

859.9 

620 

0,02357 

868,0 

0,02282 

867,1 

0,02211 

866.2 

630 

0,02.392 

874.3 

0.0231.5 

873.4 

0.02244 

872,5 

640 

0,02426 
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0.02349 

879,7 

0,02277 

878.9 

650 

0,02460 
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0 

0.02382 

886,0 

0 
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Q 
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;>»  185 

ama 
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ama 

360 

0,00666 

619.7 

0,00789 

608,5 
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868,1 

660 

0,01523 

878,2 

0.UI459 

876.6 

0,01402 

875,0 

670 

0,01547 

884,9 

0,01432 

883,3 

0,01423 

881,8 

6H0 

0,01570 

891,6 

0,01505 

890,1 

0,01445 

888,5 

600 

0,01593 

898,2 

0,01528 

896,8 

0,01467 

895,3 

700 

0,01615 

904,8 

0,01550 

903,4 

0,01489 

902.0 

710 

0,01637 

911,3 

(J.  01 572 

910.0 

0,01311 

90H.6 

720 

0,01659 

917,8 

0.0151)3 

916.5 

0,01532 

915,2 

730 

0,U166I 

924,3 

0,01615 

923,0 

0,01553 

921,8 

740 

0,01703 

930,7 

0,01636 

929,5 

0,01573 

928,3 

750 

0,01725 

_937.0 

0,01657 

^935,8 

0,01593 

_ 934,7 

p-29) 

£) 

oma 

;>-300 

ama 

p-310 

Qo 

0 

0,0009664 

0.8 

0,0009859 

7.1 

0.0009354 

7,3 

10 

0,0009685 

16,6 

0,0009871 

16.8 

0,0009867 

17.0 

20 

30 

0,0000896 

0,0009924 

26,4 

36,2 

0,0009892 

0,0009920 

26.6 

36,4 

0.0(X>-)8H8 

0,0069916 

26.8 

36,6 

40 

0,0009968 

46,0 

0,0009954 

46.2 

0,0009960 

46.4 

DOC  *  80041105 


FAC£ 


,  so  0,0009999 

'  60  O.OOltXMS 

70  o.OOIOlOO 

80  U.OOIOI59 

90  0,0010213 

lOO  0.0010396 

110  0.0010372 

120  0.0010453 

130  0.0010541 

140  0,0010034 

150  0,0010732 

160  0,00l0!i36 

170  0,0010946 

180  0,0011003 

190  0,001  IISS 

300  0.0011320 

210  0.0UII461 

220  0.0011611 

230  0.0011770 

240  0,0011943 

2S0  0,0012129 

260  0,0012330 

270  0.0012550 

280  0.0012791 

290  0,0013057 

300  0.0013353 

310  0.C0I309 

320  0,001406 

330  0.0UI4S0 

340  0.001501 

350  0.001568 

360  0.00IGI6 

370  0,00176 

380  0,00194 

390  0,00232 

400  0.00103 

410  0.00185 

420  0.00508 

43U  0.00035 

440  0,00091 

450  0.00741 

460  0,00785 

470  0,0082S' 

480  0.00864 

490  O.OOSOO 

500  0,00934 

510  0,00906 

520  0.00997 

530  0,01026 

540  0.01054 

550  0,01083 

560  0,01110 

570  0,01136 

580  0,01162 

590  0.1187 


55,8  0,0009995 

65,6  0,0010042 

75.5  0,0010090 

85.3  0,0010154 

95.6  0,0010220 

105.3  0,0010291 

115.2  0,0010367 

125. 2  0,0010448 

135.2  0.U0I053S 

145.2  0,0010028 

153.3  0,0010726 

103.4  0,0010830 

175.5  0,0010940 

185,7  0,001 1037 

195.9  0,0011181 

206.2  0.0011312 

210.6  0,0011452 

227.2  0,0011602 

237.9  0,0011700 

248.7  0,0011932 

259.7  0.0012117 

270.8  0,0012316 

282.1  0.G0I2533 

293.6  0.0012772 

305.4  0,0013035 

317.4  0,0013327 

329.7  0.001306 

342.4  0,001403 

355.8  0,001446 

369.9  0.001496 

384.9  O.OOISGO 

401,0  0,001034 

419.3  0,00174 

442.1  0,00190 

477.2  0,00220 

547.8  0,00303 

597.9  0.00432 

627.5  0,ilC521 

650.3  0,1.0590 

668.7  0.00016 

684.6  0.00097 

698.7  0,00712 

711,5  0,00783 

723.3  0,00822 

734.3  0,00858 

744.8  0,00892 

754.7  0  00922 

764.1  0.00953 

773.2  0,0098^ 

781.9  0,01010 

790.4  0,01038 

798.7  0.01064 

806.8  0,01091 

814.8  0,01116 

822.5  0,01140 


56,0  0,0009991 

65.8  0.0010038 

75.7  0,0010092 

85.5  0.0010150 

95.5  0,0010216 

105.5  0,0010287 

115.4  0.001C302 

125.4  O.OOIU443 

135.3  0.0010530 

145.3  0.0010023 

155.4  0.0010720 

165.5  0.0010824 

175.6  0,0010934 

185.8  0,001  lilSO 

196.0  0,0011173 

206,3  0.0011304 

216.7  0.0011443 

227.2  0.0011592 

237.9  0,0011750 

248.7  0.0011920 

259.7  0.0012104 

270.8  O.OOr.'SOi 

282.1  0.C0125I7 

293.6  0.0012753 

305.3  0,0013015 

317.2  0.0013303 

329.5  0.001302 

342.2  U.001399 

355.5  0,001142 

369.5  0,001492 

384.4  0  001552 

400.1  0,001023 

417.8  0,001724 

438.9  0.00187 

468.5  0,00212 

524.0  0  00272 

581.8  0.003S4 

610.3  0.00470 

641.6  0,00547 

661.4  0.00005 

678.3  0,00657 

603.1  0,00702 

706.5  0.00743 

718.8  0,00782 

730.3  0.0'J8I8 

741 ,0  0.00851 

751.2  0,00882 

760.8  0,00912 

770.1  0,00941 

779,0  0.00969 

787.6  0,00996 

796,0  0,01022 

804.3  0,01048 

812.4  0.01072 

820.3  0.01096 


56,2 

66.0 

75.9 

85.7 

95.7 

105.7 

115.6 

123.6 

135.5 

145.5 

155.6 

165.6 

175.7 

185.9 

196.1 

206,4 

216.8 

227.3 
238,0 

248.8 

259.8 

270.8 

282.1 

29.1.6 

305.2 

317.1 
3'9,4 
342,0 

355.4 

369.3 

383.  S 
3'J9.1 

416.3 

436.2 

462.7 

505.6 

505. 1 
604,0 

632.5 

653.8 

671.8 

687.4 

701.5 

714.3 
7».l 

737.1 

747.6 
757.5 

766.9 
776.0 

784.8 

793.4 

801.8 

810.1 
818.1 


. .  J." 


DOC  =  80041105 


EAG£  3^7 


600 

0,01211 

830,2 

0,01163 

828,1 

610 

0.01234 

837,6 

0,01186 

835,7 

620 

0.01257 

844,9 

0,01208 

843.1 

630 

0,01280 

852,2 

0,01230 

850,4 

640 

0,01303 

859,4 

0,01252 

867,6 

650 

0,01326 

866.4 

0,01274 

8G4.8 

660 

0,01348 

873.4 

0,01296 

871,8 

670 

0,01370 

880,3 

0,01318 

878.8 

680 

0,01391 

887,1 

0,01340 

885.6 

690 

0,01412 

893,9 

0,01361 

892.5 

700 

0.01433 

900,6 

0,01381 

899.3 

710 

0,01454 

907,3 

0.01401 

906.0 

720 

0.01474 

914,0 

0.01421 

912,7 

730 

0.01494 

920.6 

0.01441 

919,3 

740 

0.01514 

927,1 

0,01 460 

925,8  ■ 

750 

0,01534 

933.5 

0,01479 

932.3 

/»  =  320 

ama 

/>>-33(! 

0 

U.  00098.40 

7.5 

0,0009845 

7.8 

10 

O.OlXW-iuS 

17,2 

0,0009858 

17.5 

20 

0.UU(J'J><84 

27.0 

0.0009480 

27.2 

30 

0,0009912 

36,8 

0,0009308 

.37.0 

40 

O.OOIKHMO 

46,6 

0,0009942 

46.8 

50 

0.0009987 

56.4 

0.0009083 

56,6 

60 

O.OOIUU34 

GU,2 

0.0010030 

66.4 

70 

0.0010087 

'f6.1 

0.0010083 

76,3 

80 

0.0010145 

85.9 

0.UUIUI42 

86,1 

90 

0,0010211 

95,9 

0,0010207 

90.1 

100 

0.0010282 

105.9 

0,0010278 

106.0 

110 

0.0010.357 

115.8 

0,0010353 

115.9 

120 

0.00104.38 

125. 7 

o.ooiom 

125,9 

130 

•  0,0010525 

135,6 

0,0010.519 

135.8 

140 

.  0,0010617 

145.6 

0,00IW>|2 

145,8 

ISO 

0.0010715 

155,7 

0,0010709 

155,9 

160 

0.0010813 

165,7 

0,0010812 

165,8 

170 

0,0010927 

175.9 

0,0010921 

176,0 

180 

0.0011043 

186,1 

0,0011036 

186.2 

190 

0.001II66 

196,2 

0,0011158 

196.4 

200 

'  0,0011295 

206.5 

0.0011288 

206.6 

210 

,  0.U0M434 

216,9 

0,0011120 

217.0 

220 

0.0011582 

227.4 

0,13011,573 

227. .5 

230 

0,0011740 

238.1 

0,0011730 

■238.1 

240 

0,0011909 

248.8 

0,0011898 

248,9 

250 

0,0012091 

259,8 

0.0012079 

259,8 

260 

0,0012288 

270.9 

0,0012274 

'270.9 

270 

0,0012501 

282,1 

0,0012485 

282.1 

280 

0,0012736 

293,5 

0.U012718 

293.5 

290 

.  0,0012994 

1 

306,2 

0,0012974 

306,1 

0.01120 
0.01  U2 
0.01165 
0.01187 
0.01206 


826,0 

833.7 
841,2 
848,6 

855.8 


0.01230 

0.01251 

0.01272 

0.01292 

0,01311 


867.1 

870.2 

877.2 

884.2 
891,0 


0,01332 

0.01352 

0.01371 

0.01389 

0,01409 

0.01428 


897,9 

904,7 

911,4 

918,0 

924,6 

931,2 


P 


340  ama 


0,0009841 

8.0 

0,0009855 

17,7 

0.0009876 

27,5 

0,0009904 

37.2 

0,0009938 

47,0 

0,0009979 

56.8 

0.0010026 

66,6 

0.0010079 

76,5 

0,0010137 

86,1 

0,0010202 

96,2 

0,0010273 

106.2 

0,0010348 

116,1 

0,0010428 

126,1 

0,0010514 

130.0 

0,0010606 

145,9 

0,0010704 

156,0 

0,0010807 

166,0 

0,0010915 

176.2 

0.0011030 

186,3 

0,0011152 

1%,5 

0,0011280 

206,8 

0.0«311tl7 

217,1 

0.0011563 

227,6 

0,0011719 

238.2 

0,0011386 

249.0 

0.0012066 

259.9 

0,0012259 

270,9 

0,0012468 

282.1 

0,0012699 

293.5 

0,0012953 

305,1 

DOC  »  80041105 


E£6£ 


300 

0.0013279 

317.0 

0,0013254 

316.9 

0.0013240 

316,9 

310 

0.0013.59 

329.2 

0.0013.56 

329.1 

0.001354 

329,0 

:«o 

0.001395 

341,9 

U. 001392 

341.5 

0,U01388 

341,6 

330 

0.001437 

355.1 

0.001433 

354,9 

0.00142H 

354,6 

340 

0.001485 

368,9 

0.U0148O 

368,5 

0,001474 

368.1 

350 

0,001544 

383.2 

0.001537 

382.6 

0.001530 

332,1 

3<i0 

0.001612 

398,2 

0.001603 

397.4 

0.U01593 

396.7 

370 

0,001707 

414.9 

0,001694 

413.8 

0.001680 

412,9 

380 

0,00184 

434.0 

0,00182 

432,6 

0,00179 

431.3 

390 

0.00206 

458.3 

0.00201 

455.1 

0.00197 

452,7 

400 

0.00249 

433.5 

0,00234 

486.3 

0,00225 

481.3 

410 

0,00340 

548.7 

0,00304 

532,6 

0,00279 

529,4 

420 

0,U043* 

591.0 

0,00395 

579,0 

0,00359 

566,7 

430 

0.00506 

623.0 

0,00468 

613.3 

0,00433 

60.3.4 

440 

0,00506 

646.0 

0.00529 

6.37.9 

0,00493 

629.6 

450 

0.00613 

665,0 

0.00582 

6.58.1 

0.00547 

651.0 

460 

0.00664 

681,6 

0.00028 

675.5 

0,00594 

669.3 

470 

0.00706 

6%,  3 

0.00669 

691,1 

0.00636 

665.5 

480 

0.00744 

709.6 

0,00708 

704,8 

0,00675 

700,0 

490 

0,00780 

721.9 

0.00745 

717,6 

0.00712 

713,2 

500 

0.00813 

733.2 

0,00778 

72<».3 

0,00745 

725.3 

510 

0.00844 

744,0 

0,00808 

740.3 

0.00775 

736,6 

520 

0,00874 

754,1 

0,00838 

750.7 

0,00.404 

747,3 

530 

0.00902 

763.8 

0,00866 

760.6 

0.00432 

757,4 

540 

0.00930 

773,1 

0,00894 

770,1 

0,008.59 

767,1 

550 

0.00956 

782.1 

0.00020 

779,3 

0,00885 

776,4 

560 

0.00982 

7'J0.8 

0.00945 

788,1 

0.00910 

785.5 

570 

0,01007 

799,3 

0.00970 

796.8 

0  00934 

794,3 

580 

0.01032 

807,7 

0.00993 

805.3 

0,00959 

802,9 

590 

0,01055 

815.8 

0,01017 

813.6 

0,00980 

811,3 

600 

0.01078 

823.8 

0.01040 

821,6 

0,01003 

819,4 

610 

0.01100 

831,6 

0.01061 

829.6 

0,01624 

827,5 

620 

0.01122 

839.2 

0,01083 

8.37,3 

0,01045 

835.3 

630 

0.01144 

846,6 

0,01104 

844,9 

o.oiotie 

843,0 

640 

0,01165 

854,0 

0.01125 

852,3 

0,01087 

850,5 

650 

0.01186 

861,4 

o.niHS 

859.7 

0,01107 

858.0 

660 

0.01207 

808,6 

0.01166 

867,0 

0.01127 

865.3 

670 

0,01227 

875,6 

0.01185 

874,1 

0.01146 

872.5 

680 

0.01217 

882.7 

0,01205 

881.2 

0,01165 

879.6 

690 

0.01267 

889,6 

0,01224 

888.1 

0,01184 

886,7 

700 

0,01286 

896.5 

0,01243 

895.1 

0.01203 

89.3,7 

710 

0.01305 

903.3 

«.0I262 

902.1 

0,01221 

900.7 

7'70 

0,01324 

910.1 

0,01281 

908.8 

0,01239 

906.7 

730' 

0,01343 

916,8 

0,01229 

915.5 

0,01257 

914.3 

740 

0.01362 

923,4 

0,01317 

922,2 

0,01275 

920.9 

750 

0,01381 

930.0 

0.01335 

_928.8 

0,01292 

927.6 

P  n  350^^ 

p  im  360  ama 

p-m 

ama 

0 

0,0009836 

8.2 

0.0009831 

8.4 

0,0009827 

8,<> 

10 

0.0009651 

17.9 

0,0009846 

18,1 

0,0009842  . 

iB,3 

20 

0,0009872 

27.7 

0.C009S68 

27,9 

0.0009864 

28.1 

30 

0,0009900 

37.4 

0,0009896 

37.7 

0,0009892 

37.9 

40 

0.0009934 

47,2 

0,0009930 

47.4 

0,0009928 

47,6 

DOC  =  80041105 


FAG£ 


36f 


50 

0.0009075 

57,0 

0,0009971 

57,2 

0,0009967 

60  - 

0,00100  !2 

66,8 

0,0010018 

67.0 

0,0010014 

70 

0.0010075 

76,7 

0,0010071 

76,9 

0.0010067 

80 

0,0010133  ■ 

86,4 

0,0010129 

86,6 

0,00101-25 

90 

O.OOIOI'.IS 

96,4 

0.0010104 

96,7 

0,0010189 

100 

0.0010268 

106,4 

0,0010-264 

106.6 

0,0010259 

no 

0.0010343 

116.3 

0,00103.38 

116,4 

0,0010333 

120 

0,0010V23 

126,2 

0.0010418 

126.4 

0,0010413 

iro 

0,0010509 

136,1  . 

0,0010501 

136.3 

0.0010493 

HO 

0,0010601 

146,1 

0,0010500 

146,2 

0.0010591 

ISO 

0,00106'W 

156.3 

0,0010693 

156.3 

0.0010688 

160 

0.0010801 

166,1 

0,0010795 

166,3 

0.U0I0789 

170 

o.ooio'.mo 

176,3 

0,0010903 

176,4 

0,0010897 

180 

0,0011023 

186,5 

0.11011017 

186,6 

0,0011010 

I'JO 

0,0011144 

196,6 

0,0011137 

196,8 

0,0011130 

•MO 

0.0011272 

206.9 

0,0011264 

•2u7,0 

0,0011255 

210 

0.001 140.S 

217,2 

O.dOl  1400 

217,3 

0.0011391 

220 

0,0011,553 

227,7 

0,0011544 

227.8 

0.0011535 

230 

0.001 i:ns- 

238.3 

.0,001 1693 

238.4 

0,0011683 

240 

0,0011875 

249,0 

0.U0I1864 

249,1 

0,0011853 

250 

0,0012054 

260,0 

0.0012041 

260,0 

0,0012029 

•260 

0,0012240 

271.0 

0. 001 2-232 

271.0 

0. 001-2-218 

270 

0,0012455 

282,1 

0.0012440 

282,2 

0.0012423 

280 

0,0012683 

•293,5 

O.nOI J667 

293.5 

0,0012648 

290 

0,0012933 

305,1 

0,0012914 

305,0 

0,0012894 

300 

0.001321 

316,9 

0,001319 

316.7 

0,001316 

310 

0.001351 

328,9 

0,001315 

328,8 

0.001346 

SM 

0,0013^6 

341 ,4 

0,001383 

341,3 

0,001379 

330 

0,001124 

.154,4 

0,(KII4-20 

354,2 

0,001416 

340 

0,001469 

367,8 

0,001464 

367,5 

0,001460 

3.50 

0.001524 

33I.6 

0,001518 

331,1 

0,001511 

360 

0,  Wit  584 

396. 1 

0,1101,576 

395.5 

0,001368 

370 

0,OOM'67 

412.0 

0,11(06.56 

411,2 

0.001644 

3.40 

0,00177 

430,0 

0,00176 

423.9 

0,00174 

3'JO 

0,1X1194 

450,6 

0,001 90 

449,0 

0.00188 

400 

0,00217 

477,4 

0.00211 

474.2 

0,00206 

410 

0.00260 

SII.O 

O.OOJ'lo 

505.1 

0.00236 

420 

o.ooaj'.t 

554,9 

0,110302 

543.7' 

0.00282 

430 

o,oo;TO 

50.3.4 

0,06.-170 

532,6 

0.00.313 

440 

0.00460 

621,2 

0,00430 

612.6 

0,00402 

450 

0,00.51 1 

643.7 

0,00|B4 

6.36.4 

0,00456 

460 

0,0n5>>2 

663,0 

0,110532 

656.5 

0,00504 

470 

O.OlK'OO 

670.9 

0.0057S 

>■71.2 

0,00547 

480 

0,l\Xi4li 

695,0 

0,00614 

689.9 

0,00-586 

490 

0.00681 

708,7- 

0,00651 

704.1 

0.00023 

500 

0.00713 

721,2 

0,00684 

717.1 

0,00656 

510 

0.0074.3 

732,8 

0.00713 

7-29.1 

0,00686 

520 

0,00772 

743,8 

0,00742 

740.3 

0,00714 

530 

0,00800 

754,2 

0,00770 

751.0 

0,00741 

540 

0.00827 

764,1 

0,00796 

761.1 

0,00767 

57,4 

67.2 

77,1 

86,8 

96,8 


106,8 

116,6 

126,6 

136.4 

146.4 


156.5 
166,4 

176.6 

186.7 
196,9 


207.1 

217.4 
227.9 

238.5 

249.2 


260.1 

271.0 

282,2 

293,5 

305,0 


316.7 

328.7 

341.1 
353,9 

367.1 


•ISO.  6 
304,9 

410.5 

427.6 
447,3 


471,2 

400.0 

531.0 

572,0 

604.0 


628,8 

649,9 

668.4 
684,7 

699.5 


712,9 

725.2 

736,8 

747,7 

758.0 
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550 

0,00852 

773,6 

0,00821 

770,8 

0,00792 

767,9 

500 

0.00876 

782,3 

0,(82845 

780,1 

0,008)6 

777,4 

570 

0,00901 

791,8 

0,00869 

789,2 

0,00839 

786.7 

550 

0,(10924 
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0,00946 

809,0 

0,00914 

806.7 

0,00884 

804,3 

600 

0,00969 

I  817,2 

0,00036 

815. U 
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6(0 

0,00989 

1  825,4 
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823.3 

0.00925 
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0,00077 

831 .3 

0.00945 
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0.(21031 

841,1 

0.U09'27 

839.2 

0,00065 

.  837.3 

640 

0,01051 

i  848.7 

0,01017 

846,9 

0.00985 

845,0 
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0,0(671 

856,2 
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851.5 

0,01004 

852.8 

660 

0,01090 

863,7 
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862,0 
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8i>l),3 
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0.01109 

870,9 

0,01074 

869,3 

0.01041 
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0,01128 

878,1 

0,0(093 

876,6 

0,01059 

875,0 
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0,01146 

885.3 

0,01111 

883,3 

!  0,01077 

1 

882.3 

700 

0,01165 

892,3 

0,0(129  * 

890.9 

^  0,01095 

889,5 

710 

0,01(83 

899,3 

0,01147 

898,0 

0,01112 

896.6 

720 

0,01200 

906,2 

0,01164 

904.9 

0,01130 

903,5 

730 

0,012(8 

913.0 

0.01181 

i  911,8 

0,01146 

910.5 

740 

0.01235 

919.5 

0,01198 

1  918.5 

0,01163 

917,3 
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0,0(252 

926.5 

0,01215 

I  925,3 

0.01179 

924.1 

i 

p  as  380  ana 

/j-390 

ama 

/>»  400 

ama 

0 

0,0009822 

8.9 

0,00098(8 

9,1 

0.0009.513  1 

9.3 

10 

0,(XX298.38 

18.7 

0,UOo98:15 

18,8 

0.0009810 

19.0 

20 

0,  ((000860 

1  '28.3 

0,(KKl!28.56 

•28.5 

0,000' '852 

■28.7 

30 

0,0603888 

1  38,1 

0,000!i'<84 

38.3 

1  o,n<)c>o8»o 

38,5 

40 

0,0009922 

47,8 

0.(20(29918 

48,0 

0,0(109914 

48.2 

50 

0,0009963 

57,6 

((.0009959 

57,8 

0,0009955 

58.0 

60 
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67,4 

0.(8)  (018 16 

67.6 

o.ooinop,'  1 

87,8 

70 

0,0010062 

77.2 

0.(8)10053 

77.4 

0,0010054 

77,6 

80  • 

0,(10(0120  , 

1  )'.OOIOII6  1 

87.2 

0.0010112 

87,4 

90 

0,00(0185 

1 

'(7,0 

0,1.82)0181 

97.2 

0,0010177 

97,3 
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0,00(0255 

106,9 

0,0010251 

107.1 

0,001024? 

107.3 

(10 

0.(HII0320 

116,8 

0,001032.5 

117,0 

0.0010322 

117,2 
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126,3 

0.00(0405 

126.9 
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127.1 

(30 

(1,0010495  1 

1.96,6 

0.0010490 

1 16.8 

0. 0(110485 

136,9 

140 

0,00(0586 

(46,0 

0, 0010380 

146.7 

0,0010576 

146,9 

(SO 

0.00(0682 

1.56,0 

0,0010678 

IS6.8 

0.0010672 

1.56,9 

lliO 

0, 18(10784 

166,6 

0,18)10778 

166.7 

0.0010772 

1(6.9 

(70 

0.0',M(V80\ 

176,7 

0,(X)  10884 

176,9 

O.OOIU879 

177,0 

180 

0.(8)11(823 

186.9 

0.0010997 

187.0 

0,0010991 

187.1 

(90 

0.0011123 

197,0 

0,0011116 

197.1 

0,0011109 

197,2 

200 

0,001(248 

207,2 

0.001 1241 

207,4 

0,0011214 

207.5 

2(0 

0.0011382 

217,6  ■ 

0,0011175 

217,7 

0,0011367 

217.8 

220 

0,0011526 

228,0 

0.00II5I8 

228,1 

0,0011509 

228,2 

230 

0,0011679 

238,6 

0.001I069 

238.6 

0,0011660 

•238.7 

240 
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249,2 

0,001 183t 

249.3 

0,0011821 

249,4 
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250 

0,0012018 

260,1 

0,0012005 

200,2 

0.0011994 

260 

0,0912207 

271,1 

0,0012191 

271,1 

0,0012178 
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0,0012409 

282,2 

0,0012392 

282.2 

0,0012379 

280 

0,0012632 

293,5 

0,0012614 

293.5 

0,0012599 
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0,0012875 

304,9  . 

0,0012855 

304,9 

0.0012838 

300 

0,001314 

316,5 

0,0013120 
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0,001309 
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0,001344 
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0,001342 

328.3 

0,001339 
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0,001376 
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379,5 
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468,3 
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520,2 
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0,00453 
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0,00535 
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0.00629 
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0,006.59 
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0,00634 

717,5 
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0,00687 
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530 

0.00714 

744,4 
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741,1 

0,00604 

540 

0,00740 

755,0 

0,00714 

751.9 

0,00690 

550 

0,00763 

765,0 

0.0073,8 

762,2 

0,00714 

500 

0. 061788 

774,7 

0,00762 

772,0 

0,007.37 

570 

0,00811 

784,1 

0,00785 

781,5 

0,00760 
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n.fHKI3 

793,2 

0,00806 

790,7 

0,00781 
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0,00855 
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0,00828 
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0,00802 
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0,00877 

810,6 

0,00849 

808.3 

0,00822 
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0,00x93 

819,0 

0,00867 

816,9 

0.00842 
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0,00915 

827,1 
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825,3 

0,00861 

630 

0,00935 
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0,00907 
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640 

0,009.54 
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0,00926 

841,4 

0.00898 
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0,00973 

851,0 

0.00944 

819.2 

0,00917 

660 
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858.6 

0.00' '63 

8.50,9 
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0.01010 

866.2 

0,009.80 

864,6 

0,00952 
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0.0102.8 
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0,0099.8 
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880,8 
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0.00'187 
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720 
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260.2 
271  ■ 
282.^ 
293.5 
304.9 


316.4 

328.1 

340.2 
352.8 
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546,0 
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606.7 
630.2 

650.7 
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713,6 
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737.8 
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759.3 
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806,1 
814,7 
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Key:  (1).  (2),  kcal/Kg.  (J) .  atm(abs.)* 
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Appendix  III. 

CALCULATION  OF  STEAM  COOLEfiS. 

A.  Sur£ace/skin  steao  coolecs. 

1.  In  contemporary  boiler  aggregates/units  are  applied 
surface/skin  steam  coolers  uirh  cooling  of  steam  by  feed  or  boiling 
(bciler)  water  (outside  cr  arranged/located  within  drum). 

During  the  cooling  or  steam  by  feed  water  regardless  of  the 
fact,  saturated  it  or  overheated,  occurs  partial  condensation  of 
steam.  In  the  steam  coolers  with  tne  boiling  water  the  steam  is  net 
condensed,  but  only  is  decreased  temperature.  This  difference  it 
causes  the  need  for  the  different  procedures  of  calculation  c£  steam 
coolers  with  the  nonboiling  ana  boiling  cooling  water. 

2.  Coefficient  of  heat  transfer  of  cooled  by  feed  water 
condenser-type  attemperators.  located  in  chamber/camera  of  saturated 
steam,  and  also  in  interxediate  cbambers/cameras  in  which  speed  of 


steam  does  not  exceed  1.5  o/s,  with  outside  diameter  cf  coils  15-3G 
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na,  by  internalization  aiaaet^c  ci  chaabecs/caneras  ^300  an  and 
speeds  of  vater  .$2.0  a/s,  is  designed  by  p  tc  eaFirical  fcraula 

ik-iroos.  Iccal/B2  hour  deg  (l) 

where  »»  -  average  speed  of  water  in  coils  (tubes)  of  steam  cooler, 
deteralned  according  tc  actual  ccnsuapticn  cf  water  through  steaa 
cooler,  B/s. 

At  the  speeds  of  water  «*>2.o  »/s  the  calculation  of  these  steaa 

coolers  is  conducted  esployicg  tae  general/cctaoo/tctal  procedure, 
presented  belcw  in  paragiaphs  U'*?. 

3.  Coefficient  of  heat  transfer  of  vertical  coluaned  steaa 
cooler  LHZ  (obsolete  type),  which  is  of  27  tubes  025x2  with  sa  and 
length  of  1.9  a,  included  in  ccluac  £1250  an  with  ascending  current 
slowly  aoving  water  (»«  =0.G15-C.3  a/s  in  aean  section  of  coluan)  and 
descending  notion  of  steaa  at  pressure  of  steaa  p=30-35  ata(ats.)  is 
calculated  according  tc  eapixical  fornula 

*-ooi)+78so  kcal/B^  hour  deg.  (3,) 

4.  For  all  renaining  steaa  coders  coefficient  of  heat  transfer 


is  deteralned  frcn  focscla 
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k  I 

“  j_  I  kcal/i2  hour  dag  ^3) 

whera  oj  and  03  -  heat-transf ar  ccafficients  froi  vapor  to  vail  and 
from  wall  to  water,  kcal/m^  hour  deg:  t.  and  1,  -  thickness  and 
coefficient  of  thermal  ccnducti vir of  wall  of  ducts,  a  and  kcal/m 
hour  deg;  value  takes  as  egcal  to  40  kcal/m  hour  dag;  €  - 
coefficient  of  use  of  surface  of  heating  steam  cooler;  for  horizontal 
steam  coolers,  cooled  feed  water,  at  pressure  of  staam  100 
ata(abs.)  and  speeds  of  water  e/s,  6-1.2;  in  remaining  cases 

6=1.0. 


5.  Heat-transfer  ccefficiect  rrom  steam  tc  wall  during  cooling 
of  tubes  with  feed  water  for  steam  coolers  with  horizontal  bank  of 
tubes,  washed  by  vertical  currenc  cf  steam,  is  calculated  according 
to  formula 


y  fmild 

kcal/  2  hour  deg,  (4^ 

where  do  -  heat-transfer  coefficient  from  fixed  vapor  to  wall  of 
horizontal  ducts,  kcal/m^  nour  deg;  0  -  speed  factor,  which  considers 
effect  of  motion  of  steam  determined  along  auxiliary  field  of 
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Donogcaa  XXIV  into  depending  cn  ccsplex  and  pressures  of  steao 

in  chaeber/camera  of  steaa  cccier  p  atin(abs.);  with  flow  of  tubes  of 
steaa  cooler  partially  by  ascending  and  partially  descending  flows  of 


steaa. 


2 


kcal/a  hour  deg;  kg/s  and  t.,  kg/a 3  -  coefficients  of  thernal 
conductivity  and  viscosity/ductilicy/toughness  and  specific 
gravity/weight  of  water  cn  tie  line  of  saturation  at  a  pressure  of 
steaa  in  the  steaa  cooler;  r  -  heat  of  vaporiration  at  a  pressure  of 
steaa  in  the  steaa  cccier,  Kcal/kg;  d  -  cutside  diaaeter  of  ceils 
(tubes),  a;  6t  -  the  teaperature  differential  vapor  -  wall,  "C;  »,  - 
speed  of  steaa  in  the  chaaber/caaera  of  steaa  cooler,  m/s. 


According  to  formula  (4)  is  constructed  rcaograa  XXI7. 


6.  speed  of  steam  in  cnaaber/caaera  of  steam  cooler  o’,  is 
deterained  due  to  state  cf  steaa  at  entrance  into  steam  cooler.  Clear 
opening  for  the  pass  of  steaa  is  calculated  fer  each  horizontal 
series/row  it  is  separately  ana  neutralized  proportional  to  the 
surfaces  of  heating  series/ccws  according  tc  the  formula 


ff, 


0i  +  a,  t  ^  ^  +  ■  -  •  +  ci-Cf 

The  diagram  of  the  averagang  cf  sections/cuts  is  shown  in  Fig. 
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7.  For  use  of  nomogtaa  AXIW  they  are  pteliainarily  assigned  by 
value  6t.  After  the  deterainaticn  cf  the  total  coefficient  of  heat 
transfer  the  preliainaiily  taxen  value  is  checked  using  the  fcraula 


-  saturation  teaperature  at  a  pressure  of  steaa  in  the  steaa 
cooler*  by  °C;  -  aean  teaperature  of  water  in  the  steaa  cccler, 

oc. 


If  the  disagreeaent  between  the  deterained  value  6t  and  that 
accepted  dees  not  preliainaiily  exceed  ♦•-25o/o,  calculation  is  1  'ved 
without  the  changes;  ctherwise  ate  counted  over  values  of  *t  and  k. 
For  the  recalculation  they  take  value  6t,  deterained  free  foraula  (5) 
according  to  the  data  cf  the  first  calculation. 

8.  Heat-transfer  ccefficient  troa  vapor  to  riding-crop  during 
cooling  of  tubes  with  feed  water  for  steaa  coders  with  vertical  beaa 
of  ducts,  washed  by  longitudinal  clow  of  steal,  is  calculated 
according  to  foraula 


2.51, 


[' 


+  0.003« 


kcal/i*  hour  deg. 


(.U) 
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Hhere  -  coefficient  cf  tberaal  diffusivity  cf  condensate,  a^/Yi. 

Beaaining  designaticns  -  the  £ane  as  in  fornula  (4)  . 

Speed  of  steaa  ».  a/s  in  view  of  the  insignificance  of  a  change 
in  the  state  of  the  latter  is  determined  due  to  the  state  of  steaa  at 
the  entrance  into  the  steaa  cccler. 

According  to  formula  (o)  is  ccnstructad  ccaograa  XXV. 

9.  Heat-transfer  coefficient  froa  vapcr  to  wall  during  cooling 
of  tubes  with  water  with  teaperature,  which  exceeds  teaperatuce  of 
saturation  of  cooled  vapcr,  is  deterained  cn  ccrograa  V. 

10.  Heat-transfer  coefficient  froa  wall  tc  ncnboiling  water  is 
deterained  on  noaograa  VI. 

11.  Coefficient  of  of  heat  transfer  froa  wall  tc  boiling  water 
for  carbonic  ducts  on  which  can  be  foraed  oxide  fila,  is  deterained 
froa  fornula 


_ j _ 


Acal/n^  hour  deg. 


C7) 


For  the  high-alloyed  ncncorrcsive  ducts 
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kcal/i*  hour  deg,  (■'IsJ) 

p  -  the  pressure  of  water  in  steaa  cooler,  atB(abs.);  g  the  thermal 
surface  lead  of  heating  steaa  ccoler,  iccal/a^tbe  hour;  its  value 
should  be  to  preliminarily  assign,  and  after  the  determinaticn  of  the 
coefficient  of  the  heat  transfer  of  steaa  cooler  h  tested  in  the 
formula 

Iccal/m*  hour.  d) 

In  the  presence  of  the  disagreement  by  that  accepted  and  that 
calculated  of  values  q  less  than  2to/o,  the  calculation  is  leaved 
without  the  changes;  otherwise  are  counted  ever  values  and  k.  For 
the  recalculation  they  take  value  g,  determined  from  formula  (8)  , 
according  to  the  data  cf  the  first  calculation. 

According  to  formula  (7)  is  ccnstructed  nomogram  XXVI.  From  this 
nomogram  is  designed  the  heat  emission  from  the  ducts  made  of  the 
carbon  steel. 

12.  Temperature  head  is  calculated  according  to  coamon  formula 
(7-66)  or  (7-67) .  During  the  ccciirg  by  feed  water  the  temperature  of 
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stean  alvays  takes  as  the  aqua!  to  saturation  teaperature.  During  the 
cooling  by  the  boiling  eater  the  neaperaturs  bead  is  deterained  by 
actual  final  teapecatuces  of  steaa. 

13.  Surface  of  heating  steaa  coolers  is  deterained  according  to 
average/aean  (between  intacnal  and  external)  diaaetec  of  tubes. 

14.  Hhen  selecting  cf  value  of  heat  absorption  of  steaa  cooler 
one  should  consider  that  due  tc  called  by  inclusion  of  steaa  coolers 
of  increase  teaperature  head  in  superheater  calculated  value  cf  heat 
absorption  of  steaa  coders,  arranged/located  in  collector/receptacle 
cf  saturated  stean  or  "into  crosscut"  of  superheater,  aust  exceed 
prescribed/assigned  reduction  in  enthalpy  of  superheated  steal. 
Tentatively  this  excess  can  be  taxen  as  the  equal  tc  15-30o/c  of  the 
assigned  aagnitude. 
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Fig.  8.  Oiagcaa  of  the  avecagiag  ot  sections/cuts  for  the  pass  of 
steaa. 

B.  Spray-type  desuperheaters. 

15.  Coaplexity  of  pteQoaeoa,  which  occur  during  evaporation  of 
injection  water,  does  net  aake  it  possible  tc  at  present  design 
spray-type  desuperheaters.  Iterefore  are  giver  below  the  short 
recoaaendations  regarding  the  structural/desicn  characteristics  of 
the  basic  units  of  spra^-type  desuperheaters,  developed  on  the  basis 
of  the  results  of  the  tests  of  the  effective  steaa  coolers. 

Uitb  coaparatively  saall  drops/juaps  in  the  pressures  which  can 
be  used  for  the  cooling-water  supply,  the  velocity  of  the  entrance  of 
the  latter  into  the  steaa  ccclex  dees  not  exert  a  substantial 
influence  on  the  conditiens  of  heat  exchange. 


Page  107 
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Therefore  cooling  water  can  he  su^^lied  into  the  steaa  cooler  through 
the  sieple  drilling  by  in  the  wall  of  the  inlet  pipe;  the 

speeds  of  pass  through  the  drilling  east  be  15  d/s  and  it  is  above. 

For  guaranteeing  the  evaporation  of  cooling  water  it  is 
necessary  after  the  place  of  xn;]ecrion  tc  provide  for  the 
straight/direct  sections  of  ducts  in  long  net  less  than  4  d.  These 
sections  can  be  furnished  both  horizontally  and  it  is  vertical.  All 
over  length  of  evaporative  sections  should  be  shielded  the  walls  of 
duct  by  jacket  with  the  clearance  between  the  jacket  and  the  wall, 
equal  to  6-8_  am. 


Appendix  IV 


DETERdlMATIOd  OP  THE  CiiCOLATEO  lEHPEBATUBE  Cl  THE  METAL  OF  IHE  HALLS 
OF  DUCTS. 

1.  Under  calculated  teaperature  of  aetal  c£  ducts  is  understood 
great  local  value  of  tei^erature  or  wall,  determined  taking  into 
account  nonuniformity  cl  beat  atsorption  according  to  section/cut  cf 
flue  and  circumference  cf  ducc,  and  for  tubes  of  superheater  -  also 
spreading  heat  on  wall.  Tne  increases  in  the  temperature  of  wall, 
called  by  deviations  frca  the  ccaacn  mode/ccnditicns  of  operation,  in 
the  calculation  are  not  consioered. 

The  calculated  temperature  of  the  metal  cf  wall  depends  on  the 
temperature  of  mediuv,  which  takes  place  in  this  section  of  duct,  and 
the  value  of  the  thermal  load  of  section.  Therefore  during  testing  of 
the  temperature  of  the  wall  of  the  ducts  of  this  heating  surface 
should  be  selected  the  duct  in  which  the  temperature  of  medium  and 
thermal  load  determine  the  maximum  value  of  the  temperature  cf  wall. 

Hhen  selecting  cf  most  dangerous  pipe  it  is  necessary  tc 
consider  that  in  the  corridor  teams  the  greatest  local  thermal  load 
always  falls  to  the  ducts  cf  toe  first  on  the  course  cf  gases 
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series/row.  In  the  checkered  keaas  the  nuabec  of  the  series/cow  in 
which  are  located  the  duces  with  the  greatest  thermal  load,  depends 
on  the  relative  transverse  pitch  ol  the  ducts:  with  Si/d^4,0  the  full 
load  falls  to  the  ducts  cf  the  second  series/row;  when  S|/d^2.5  -  to 
the  ducts  of  the  first  series/rew;  at  interaediate  values  of  Si/d 
should  be  compared  cenputed  values  of  the  maxinua  thermal  load  of  the 
face  grinding  of  the  ducts  cf  the  first  and  second  series/rows. 

2.  In  basis  of  calculation  of  strength  cf  ducts  is  accepted 
average/aean  according  tc  thickcess  temperature  of  aetal  of  wall  of 
aost  loaded  duct: 

(r.  nn  +  i) 

(1) 

The  utilized  for  deterainxng  aaxiaua  heat  load  calculated 

teapecature  of  the  aetal  of  the  external  wall  of  duct,  having  medium 
load  go,  is  determined  iron  the  fciaula 

+  (2) 

t  -  mean  temperature  of  tne  ta*acg  place  in  the  ducts  medium  for  the 
designed  section;  it  is  accepted  on  p.  3,  ®C;  -w,  -  temperature 

excess  of  aediua  in  that  aost  leaded  of  the  ducts  above  the  average: 
it  is  daterained  on  p.  5,  ®C;  p  -  coefficient  of  spreading  the  heat; 
for  the  boiling  and  eccocaizer  ducts  p= 1 ,  and  for  the  superheater 
ones  -  in  p.  6;  -  theraal  load  at  the  point  of  the  aaxiaua  heat 

absorption  of  the  most  leaded  duct;  is  deteriined  on  p.  4,  kcal/m^ 
the  hour;  5  -  the  wall  thickness  or  duct,  a;  f  -  ratio  of  the  outside 
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diaaeter  of  duct  to  the  iateiaai: 


J- 


d  — If 


-  the  thermal  condcctivity  cf  the  metal  of  the  wall;  is  accepted 
on  Fig.  9  in  the  dependence  on  tan  temperature  c£  wall,  kcal/m  hour 
deg;  aj  -  heat-transfer  coefficient  from  the  wall  to  the  heating 
medium;  is  determined  cn  p.  15,  kcal/mz  hour  deg. 


Hith  the  usually  encountered  thermal  leads  the  calculated 
temperature  of  the  wall  cf  hciling  and  economizer  ducts  is  accepted 
directly  according  to  the  r ecc mmendations  of  the  norms  of  the 
calculation  of  the  strength  of  tne  eleae nts/cells  of  the  boiler 
aggregates/units:  for  tne  heating  pipes  and  the  ducts  of  the 
radiation  economizers 

<tm  +  «>•  C; 

for  the  ducts  of  the  ccnvectiwe  eccnomizers 

'cm  ”'  +30*0 
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Pig.  9,  The  thernal  conducti?itj  ot  boiler  steel  kcal/h  deg  in 
depending  on  teiaparatuie  1  -  st.  20;  2  -  1511;  20M;  12HKh;  15KhH; 
20Khl1;  30KhHA;  12KhnP;  3  -  10Kh2llf  (EI-531);  10Kh2(IE  (EI-454)  ;  4  - 
12Kh5n;  5  -  YalT;  6  -  EX-257. 

Key:  (1)  .  kcal/m  hour  deg. 

Page  108. 

with  thermal  loads  <7,.„>8ooio»  kcal/a^h  for  the  heating  oipes  and 
?.«c>  300*10’  kcal/m^h  fcr  the  ducts  of  radiation  economizers  the 
temperature  of  vail  is  designed  frca  formula  (1). 

3.  nean  temperature  of  taking  place  in  ducts  medium  for 
evaporative  heating  surfaces  takes  as  equal  tc  boiling  point,  and  for 
superheaters  and  econcttizers  -  tc  real  temperature  cf  steam  (vater) 
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at  output  from  that  run  ct  pipes,  tor  which  is  produced  calculation 
cf  temperature  of  wall,  for  tcacsition  zones  of  single^passs  toiler 
the  temperature  is  acceptea  in  the  dependence  on  the  state  cf  medium 
in  designed  run  cf  pipes:  steas-water  mixture  cr  superheated  steam. 

During  the  calculation  or  cutput  run  of  pipes  tl  .s  temperature 
takes  as  the  equal  tc  temperatuze  cf  steam  (water)  at  the 
output/yield.  In  the  remaining  cases  it  is  calculated  on  the  tasis  c£ 
the  following  indicaticos. 

The  temperature  of  lediui  at  the  output  from  the  first  cn  the 
course  of  gases  of  run  cf  pipes  of  the  superheater  (economizer) , 
connected  on  the  diagram  of  a  ccnsscuti ve-mixed  current,  is 
determined  by  the  selection  or  tne  walues  of  the  heat  absorption  of 
the  corresponding  secticrs  accoroicg  to  p.  1-67, 

Upon  the  inclusio r/ccnnection  of  the  heating  surface  on  the 
diagram  of  an  in  parallel-mixed  current  the  intermediate  temperature 
of  nadiurn  upcn  transfer  cf  one  course  to  another  (i.e.  in  the  first 
on  the  course  of  gases  series/rcw)  is  designed  from  the  indications 
p.  7-70. 

The  temperature  heads  for  the  separate  courses  of  this 
superheater,  designed  as  straagbt/direct  or  ccuntercurrent,  are 
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defined,  as  usual,  under  the  condition  of  the  constancy  of  the 
coefficient  of  heat  transfer.  Ihe  tenperature  cf  the  gases  before  the 
heating  surface  is  ccnsidered  identical  all  ever  width  of  flue.  For 
the  calculation  is  accepted  the  value  of  teaperature  of  steaa  (water) 
between  the  courses.  By  tnis  value,  Icnown  frea  the  calculaticn  of  the 
entire  heating  surface  final  teaperatures  cf  steam  JHm  teaperature  of 
the  gases  before  the  flue  is  ieteriined  from  the  equation  of  balance 
the  value  of  the  temperature  of  gases  after  each  course.  After  the 
calculation  of  the  temperature  heads  for  the  separate  courses  the 
correctness  of  the  value  of  intermediate  teaperature  accepted  steaa 
is  checked  using  formula  (7*7fa) . 

Temperature  of  steam  (water)  for  output  from  subsequent  runs  cf 
pipes  is  designed  with  the  help  cf  deter ainaticn  of  the  total  beat 
absorption  of  series/rews  frea  the  first  tc  that  designed 
inclusively.  For  this  it  is  necessary  to  determine  average/mean 
teaperature  pressure  head  in  series/rows  indicated,  its  Icgarithm 

is  calculated  accordinc  to  the  xcriula 

■k  i/, iB  I(  —  nj - (Ig  —  Ig  ('"J) 

At*  and  At"  -  the  tenperature  heads  upon  the  entrance  into  the 
heating  surface  and  cn  the  output  from  it,  with  ®C;  -  surface  of 

heating  series/rows  from  the  first  to  that  checked  inclusively, 
a*;  -  surface  of  heatitg  ertire  bundle  ic  section),  m^. 
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By  the  calculated  value  c£  Ic^arithB  a(,  is  detersined  the 
tenperature  head. 

The  heat  absorption  o£  the  surface  cf  heating  series/rows  iron 
the  first  to  that  designed  is  xcund  fron  the  expression 

H,  ... 

Q  *  the  heat  absorption  c£  the  entire  surface  cf  heating  this  flue 
or,  with  the  consecutive  (parallel)  aixed  current,  the  corresponding 
section,  hcal/kg;  At  -  average/oean  temperature  head  in  the  bundle 
(section),  ®C. 


4.  Thermal  load  at  point  of  maximum  heat  absorption  of  most 
loaded  duct  is  located  through  average/mean  value  of  thermal  load  at 
point  cf  maximum  thermal  percepticn  of  ducts  go  Iccal/m^  hour,  to 
determined  through  paragrapns  7  and  8,  and  coefficient  of 
nonuniformity  of  heat  atscrpticn  through  width  (secticn/cut)  The 

latter  is  equal  to  the  ratio  cf  the  heat  absorption  of  the  most 
loaded  duct  to  the  average  along  all  ducts  of  the  designed  series/row 
(shield)  and  is  accepted  acccrdicg  to  follovicg  data: 


KOiineiiTMnHoro  nyina  h^h  uiHpao- 
.  '  Ban  noBcpxiiocTb  itarpcBa,  bbhhhbw- 

lUHfi  ncio  uinpiiHv  raaoxojiB . 

,'i|ro  *e.  i.iMHMSKiiuMe  cpeaiiioio  qacTb  ra- 
3oxtMa  no  uitipniin  (no  -'j)  n.iH  KpflB 


,  raaonona  (ao  V,  uim|)hhi-) . 

3pa.iiiaHnoMMaa  nosopaiiocTb  itarpeaa*  .  . 


1.3 

1.2 

1.4 


l 
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Key:  (1).  Secies/cou  of  coavectica  bank  cr  the  screen  heating 
surface,  that  occupy  entire  width  of  flue.  (2).  Then,  that  occupy 
niddle  part  of  flue  in  width  (tc  2/3)  or  edge  of  flue  (to  1/4 
widths).  (3).  Radiation  surface  of  heating 

FOOTNOTE  *.  Coefficient  considers  full/t ctal/coBflate  nonunif omit y 
of  the  distributicn  cf  thereai  lead  according  tc  the  screen  surfaces. 
ENDFOOTNOTE. 

For  the  horizontal  superheaters,  placed  in  the  horizontal  flue 
(coils  are  arranged/located  acxess  the  flue),  nenunifornity  in  the 
width  is  not  considered.  Variation  factor  in  the  height  of  the  flue 
before  the  refinenent  takes  as  tbe  equal  to  1.2. 

5.  Value  of  teapeiature  excess  of  nediun  in  most  loaded  duct 
above  average  "c  depends  on  variation  factor  of  heat  absorption  in 
width  and  heat  absorption  or  bundle,  for  which  is  designed 
teaperature  of  wall. 

Page  109. 

It  is  defined  as  the  difference 

where  t  •  calculated  near  teaperature  of  mediua  in  that  run  cf  pipes. 
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for  which  is  designed  tte  teeferatuce  of  wall,  deterained  on  p«  3, 

°C;  i,„,  -  teaperature  in  the  acst  warned  duct  cf  the  sane 

series/row,  which  corresponas  tc  the  enthalpy  cf  nediun  in  this  duct, 
°C;  the  latter  is  designed  according  to  the  fcrnula 

-ixi-o  iccal/kg»  (51 

i  -  the  enthalpy  of  nediua,  waich  corresponds  to  temperature  its  t, 
in  checked  run  of  pipes,  Kcal/hg;  i'  -  enthalpy  of  nediun  at  the 
output  from  the  collectcr/receptacle,  connected  (on  the  course  of  the 
heated  median)  before  rcw  of  pipes,  for  which  is  designed  the 
tenpecature  of  wall,  kcal/Kg. 

If  the  series-ccnnected  ccllector/receptacle  it  is  intermediate 
and  in  it  it  is  not  ensured  the  full/total/conplete  nixing  of  the 
nediua  (there  is  no  cverfiowing  cf  medium  alcrg  the 
collector/receptacle  cr  its  crossed  transfer  frcn  the 
collector/receptacle  tc  toe  ccllector/receptacle  hy  a  snail  guantity 
cf  overflow  pipes)  value  takes  as  the  equal: 

+  itcal/kg  (5a) 

•  the  enthalpy  of  aedrun  at  the  entrance  into  the  bundle. 


connected  to  this  collectcr/recepracle,  kcal/kg 
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For  the  evaporative  surfaces  value  is  equal  to  zero. 

6.  Coefficient  of  spreading  p  for  ducts  cf  first  series/rov 
nonfestooned  convective  superheaters  (Si/d<3)  with  checkered  or 
corridor,  by  arrangeaent  also  at  ducts  of  second  series/row  of 
festooned  in  checkered  order  superheaters  is  determined  on  Fig.  10a 
for  ducts  of  all  subsecuent  series/rows  cf  superheaters  *  on  Fig. 
10b. 


During  the  chamber  comtusticn  of  schists  for  the  ducts  cf  the 
second  series/row  of  festoon  superheater  the  spreading  is  not 
considered. 

Here  and  subsequently  presentation,  when  the  beam  in  question  is 
distant  from  previous  (on  the  course  of  gases)  for  the  value  more 
than  of  two  longitudinal  pitches  of  the  designed  beam,  the 
calculation  of  the  series/ro«s  cf  beam  begins  first.  During  the 
smaller  removal/distance  the  calculation  of  series/rews  is  conducted 
from  the  first  series/rce  of  the  previous  bean. 

For  the  ducts  of  the  first  series/rov  of  sen ir adiation  (screen) 
superheaters  the  spreadlcg  is  net  considered;  for  the  ducts  cf  all 
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subsequent  series/rows  tbe  coeiticient  of  spreading  is  deter ained  on 
Fig.  11  along  the  line,  whicii  corresponds  s/dsl.l. 


For  all  ducts  of  radiaticc  superheaters  regardless  of 
arrangement  relative  tc  tricking  (e^O)  the  coefficient  of  spreading 
is  determined  on  the  appiopriate  curves  Fig.  11. 


For  the  use  of  graphs/curves  Fig&  1C  and  11  it  is  necessary  tc 
preliminarily  calculate  value 


7.  nazimum  heat  atscrption  or  radiation  beating  surface  always 
occurs  on  frontal  generatrix  cf  duct.  The  aveiage/nean  value  of 
thermal  load  on  this  generatrix  takes  as  equal  tc  ^ 


B  Q 

kcal/ir*h^  ((c) 

-  the  average  thermal  lead  of  tbe  beam-receiving  surfaces. 
kcal/a<  hour;  y  -  variation  factor  of  the  distribution  of  thermal 
perception  in  the  furnace  efaamf sr/caaera  (see  Section  6-19). 


FCCTNOTB  >.  With  the  shields,  ccaprised  cf  tbe  ducts  of  different 
diameters,  equality  (6)  is  correct  only  for  tbe  ducts  of  larger 
diameter.  For  the  ducts  cf  smaller  diameter  Ictc  equality  (6)  should 
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be  additionally  introduced  tie  value  of  the  ccefficient  of  the 
illanination  (see  Sectici  11).  however,  with  the  used  in  the  toiler 
aggregates/units  relat icoshafs/rataos  of  diaaeters  and  the 
steps/pitches  value  a  fee  f cental  genera trii  is  close  to  the  unit  and 
can  be  disregarded.  EHCf CCTNCIE. 

In  the  presence  in  beating  of  the  beaa-ieceiving  surfaces  with 
the  different  values  of  tne  ccnditional  coefficient  cf  contaiination 
S  the  theraal  load  is  deteriined  cica  fozvula  (6-25a) . 

8.  In  convection  banks  eaxiaua  of  heat  absorption  falls  in 
different  series/rows  tc  different  points  in  circuaference  of  duct. 
For  the  standard  cases  the  location  of  naxiauB  is  accepted  on^able 

1. 


For  the  screen  heating  surfaces  are  accepted  the  saae  data  as 
for  the  corridor  keaas. 


DOC  *  80041105  EAG£ 


Fig.  10.  Coefficient  of  spreading  for  the  ducts  of  the  convective 
heating  surfaces,  a)  the  duct  of  the  first  series/row  of  nonfestocned 
bean  of  corridor  or  checkered)  and  the  second  series/row  of  the 
festooned  checkered  teas;  b)  the  duct  of  any  third  (or  of  that 
following)  series/row  cf  checkered  and  ccrridcr  beats. 


Page  110. 


The  average/nean  value  of  the  thenal  lead  of  duct  at  the  point 
of  naxiaum  theraal  perception  is  detertined  fret  fortula  (7) 


kcal/t* 


hour  (7) 


-  the  teaperature  of  gases  at  the  entrance  into  that  series/row. 


for  which  is  designed  tetperature  cf  wall,  ®C;  value  'i,  is  detertined 
either  fret  the  heat  balance  by  the  calculated  value  of  the 
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temperature  of  medium  t  or  by  tie  prescribed/assigned  final 
temperatures  of  gases  according  to  indications  p.  3;  .  * 

contamination  factor  of  tae  designed  section: 


t-o.25.j,  m2  hour  deg/kcal^  C8) 

where  -  average/mear  value  ct  ccntaminaticn  factor  for  this 
heating  surface,  detersiced  during  its  thermal  design,  hour 
deg/hcal. 


Other  designations  -  the  sane  as  in  formula  <1). 

9.  Convection  heat-transtec  coefficient  «.  kcal/rn*  hour  dej  is 
determined  from  equality 


hcal/m*  hour  deg,  (9) 

-  variation  factor  it  clrcunier ence  of  duct  whose  value  is 
accepted  on  Table  1  in  dependence  cn  shape  cf  beam  and  number  of 
series/row;  -  averace/nean  in  circumf erecce  of  duct  value  of 

convection  heat- transfer  coefficient,  kcal/n*  hour  de^  ;  it  is 
determined  on  nomogram  11  or  by  III  in  depending  on  bean  shape;  in 
this  case  correction  fcr  number  of  series/rcw  (introduced  instead 

of  correction  for  to  number  ot  series/rows  is  accepted  taking  into 
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account  preliainary  agitation  of  flow: 

foe  ducts  of  first  sarias/row  -  in  value  for  doubla-rcw  bean 

for  the  ducts  of  tae  second  series/row  -  in  value  for  the 
four-row  beaa; 

for  the  ducts  thied  and  sutseguent  series/rows  c;>i. 


! 
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Table  1. 


]  KopwaopMMt  nyiOK 

0^  [ll]t\yro.’i  Mr*ay  jiMo. 

St  p«Aa  \j*|in'»l  TOHfcOii  »i  TO**-  itfpio 


f3^^*****v**MA  ny«oB 


luLiyro.'i  Meway  Jiofin.  (OjKo^«tHUM«Hr  ‘•♦w.iy  A06o>f  I^o»4ti<pM(tNfNr 

TO‘<**OH  II  TO*!-  >  iffpiOHOMPOHO-  V4-«*^Oft  «  TO«- ^  "^eii J RHOU #pNO- 

I  ROA  C  U.-|KCHHI.^b-  CTN  no  ORpVK-  j  ROA  C  MOkCHMO.Ib-  CfN  no  ONpyitf* 

I  HNM  rtn.ioancnpiiR-  j  moctii  rpy6u  I  hmm  rtniio»ocnpHfl«  hoctn  Tpypw 
1  TMeM,  rpaa.  «>*ia  {  tnom.  rpoA. 


I 

1( 

A\  UI 

^ J^iV  H  noc.iejyioittMe 

“'mOC.'.ejIlHll  pflj  flVMK.I 
<^^JipN  HA.iuMMN  ra^oBoro 
OOBCMB  3*  nyMKOM 


Kay:  (1).  sari<?s/row.  (2).  Cocrldoc  beam.  (3).  Checkered  bean.  (4) 
Angle  between  front  poirt  and  pcjnt  with  naxinun  heat  absorption, 
deg.  (5).  Variation  factor  in  circumference  of  duct.  (6).  IV  and 
following.  (7),  Latter/iast  saries/row  of  beam  in  presence  of  gas 
volume  after  bean. 


FOOTNOTE  ‘.  With  the  higfc-asb  fuels/propellants  (schists)  the  niaximuii 
always  at  point  of  180®;  with  witncut  ash-tearings  fuel  (gas,  layer 
combustion)  -  at  point  cf  0®.  la  the  remaining  cases  should  be 
checked  values  of  go  fcr  noth  liiit  pcints.  INDFCCTNOTE. 


Page  111. 


The  temperature  of  flow  takes  as  equal  tc  »."c  Gas  velocity  is 
designed  from  this  temperature,  clear  opening  cf  the  series/rcw,  for 
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which  is  determined  the  tamperature  of  wall,  and  to  tha  awerage/mean 
for  this  flue  volume  of  coacusricn  products. 

10.  Radiation  heat-transter  coefficient  hcal/m^  hour  is 

determined  in  depending  cn  number  cf  run  of  pipes  in  beam. 

for  the  ducts  of  tae  first  saties/rcw  of  all  beams  the 
heat-transfer  coefficient  is  designed  from  the  cavity  emission, 
arranged/located  before  tae  ceam. 

Tha  efficient  thicmess  of  radiation  layer  during  the 
calculation  of  the  radiaticn/emission  of  voluire  tc  the  beams,  which 
occupy  entire  width  cf  flue  or  its  middle  part,  is  determined  from 
the  formula 

2.2 

s  — -j - , - j-  M,  (10) 

7  +  T  +  T 

where  a,  b  and  c  -  average/nean  values  of  height,  width  and  depth  cf 
gas  volume,  a. 

For  the  beans,  arranged/ located  on  the  edges  of  flue  and 
occupying  not  more  than  its  1/4  width,  and  also  for  the  ducts, 
arranged/located  on  the  end  walls,  numerator  in  formula  (10)  talces  as 
the  equal  to  1.8. 


By  the  calculated  thicKnass  of  radiation  layer,  the  average/mean 
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foe  this  beaa  values  of  the  voluae  fractions  cf  triatomic  gases  and 
concentration  of  ash,  tne  taapetature  of  the  gases  before  the  beaa 
and  the  value  of  the  teifaxature  cf  the  contaeinated  wall  accepted  is 
deterained  in  noaograas  the  IX-XI  value  cf  radiation  heat-transfer 
coefficient  substiteted  in  eguation  (7)  .  value  ‘j  should  be 
preliainacily  assigned  and  after  deterniraticn  of  go  calculate 
according  to  foraula  (2J  !•„  and  tested  value  accepted  on  the 

equality 

*,  =■  ‘cm +  “*•”*“ 

Value  is  aade  acte  precise  only  vhen  deterained  value 
differs  from  that  accepted  acre  than  by  50°C. 

If  gas  voluae  is  isolated  froa  the  heating  by  beaa  or  scallop 
with  a  number  of  runs  cf  pipes  (cn  the  course  of  gases)  net  more  than 
four,  should  be  considered  the  heat,  which  falls  to  tbe  checked  ducts 
froa  the  heating.  In  this  case  the  total  quantity  of  radiation 
heat-transfer  coefficient  of  veluae  and  heatieg  is  calculated  in  the 
foraula 


^  ^  ■*»!/« 

•4.««  "77  .0—1.  ~®o«> 


kcal/az  hour  degi 


-  radiation  heat-transr ec  ccetficiert  cf  voluae,  kcal/a*  hour 
deg;  ■  “oo  -  emlssivity  factor  cf  veluae,  deterained  during  the 
calculation  of  value  according  to  the  auxiliary  field  of  nomogram 
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XI;  -  theraai  load  ot  the  heas-receiving  surfaces  in  the  zone 

", 

of  the  output  window  of  the  heating  (see  Section  6-19),  hcal/e^ 
hour;  -  angular  coefficient  of  the  beam,  arranged/located  between 

the  heating  and  the  volume,  derersined  by  BN  6-02. 

If  superheater  is  isolated  from  the  heating  by  beam  or  scallop 
with  five  and  more  by  rues  of  pipes,  radiation/emission  from  the 
heating  is  net  considered. 

11.  For  ducts  of  second  series/rew  cf  corridor  beam,  frem  second 
cn  sixth  series/row  that  rarefied  {s^/h'^H)  and  from  second  in  fourth 
series/row  that  not  rarefied  of  checkered  beams  (S|/d^2.5)  radiation 
heat-transfer  coefficient  is  calculated  taking  into  account  angle  of 
vision  to  gas  volume  before  beam. 

The  coefficient  of  llluninaticn  for  the  point  with  the  maximum 
heat  absorption  is  determined  by  graphic  construction  (Fig.  12).  For 
this: 


a)  on  the  arbitrary  scale  are  drawn  the  checked  duct  and  ducts 
in  front  of  the  lying/horizontal  series/rows  (along  three  ducts  in 
the  series/row  on  the  cne  hand  cf  that  checked)  ; 


b)  from  point  0  with  the  maximum  of  heat  absorption  on  the 
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checked  dact  (see  Table  1)  is  caccied  out  the  senicircuaference, 

AB 

limited  by  diameter  ty  tannest  to  the  circumference  of  duct  at 
the  point  indicated; 

c)  from  point  0  are  conducted  rays/teams,  tangents  to  the  ducts 
in  frent  of  the  lying/hcrizcntal  series/rows ;  these  rays/beams  must 
not  intersect  one  in  frent  of  the  iying/horizcntal  duct; 

d)  the  sections  of  the  arc  cf  semicircuaference,  included 
between  two  adjacent  raye/neams,  wnich  limit  free  from  the  ducts 
space*  are  pro jected/designed  fer  diameter  &E. 


Fig.  12.  Construction  ct  tb<:  coefficients  of  illuaination.  a)  the 
coefficient  of  illuainaticn  for  the  duct  of  the  seccnd  series/row  cf 
checicerad  beam  (face  giiiding);  b)  the  coefficient  cf  illumination 
for  the  duct  of  the  seccnd  serias/row  of  corridor  beam  (point, 
misaligned  from  the  frcrtal  bj  60^). 

Page  112. 

e)  the  coefficient  cf  illumioaticn  for  point  0  is  equal  to  the 
ratio  of  the  sum  of  the  projacticns  of  the  sections  indicated  to  the 
length  of  diameter. 

Radiation  heat-tracsfar  ccefficient 

=  kcal/m*  hcur  deg.  (IL) 

Radiation  heat-tracsf ec  ccefficient  of  vcluie  and  heating 
is  determined  free  fcriela  (11). 
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For  deteraining  th«  aedt-tcans£er  coefficient  vith  intartube 
cadiation/enission  the  tnickness  of  radiation  layer  they 

calculate  according  to  fcraula  |7-48)  or  (7-49)  cn  actual  spacings 
between  tubes  in  the  checked  secticn;  the  teiperature  of  gases  accept 
equal  to  'V  and  reeainang  values  -  on  the  indications  p.  10. 

12.  For  ducts  of  sexxes/covst  arranged/lccated  afterward 
indicated  into  p.  11,  radiation  heat-transfer  coefficient  it  is 
deterained  only  on  between  pipe  radiation/eeission  in  accordance  with 
indications  p.  1 1. 

13.  For  ducts  of  lattec/last  eeries/row  of  bean  after  which  is 
arranged/located  gas  vcluee  by  depth  not  less  than  three  longitudinal 
pitches  of  beam,  radiation  neat-transfer  coefficient  for  point, 
alsallgned  by  180°  frca  frontal,  is  deterained  on  radiation/eeissicn 
of  this  volune.  The  value  of  toe  heat-transfer  coefficient  of  voluae 
is  calculated  according  to  indications  p.  1C;  the  tenperature  of 
gases  takes  as  the  equal  to  tenperature  after  the  bean. 

The  coefficient  of  heat  transfer  for  the  face  grinding  cf  the 
duct  of  latter/last  series/iow  is  calculated  according  to  the 
indications  p.  12. 
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14.  For  ducts  of  fust  sariss/row  of  screen  heating  surfaces 
radiation  heat-transfer  coafficiact 

hcal/a*  hour  deg.  (13) 

Designations  the  sane  as  in  tcriulas  (10)  and  (11). 

For  the  ducts  of  the  suhsaguaot  series/rcws 

1 

•4 - T*)" ~S7" 5^z:7;  +  (i- f «)«.,.<  kcai/«*  hcur  d6g>  (/+) 

ahere  -m  -  coefficient  ci  the  alluainaticn  cf  pcint  with  the  laxiaun 
of  heat  absorption  ftcn  the  fceating.  deternined  in  the  indications  p. 
11;  for  the  ducts  of  the  seccnd  -  the  fifth  cf  series/roas  it  is 
accepted  ’^^0.5.  -  calculateu  tenperature  of  gases  in  this  series/row, 

°C;  *4.«i  -  radiation  heat-transfer  coefficient  cf  the  volune  between 

the  screens  with  the  teaparature  or  gases  ‘’C  and  the  efficient 

thickness  of  radiation  layer,  tne  specific  according  to  fornula 
(8-11)  kcal/n^  hour  dee. 

15.  Heat-transfer  ccafficient  fron  wall  to  internal  aediua  ag 
kcal/B>  hour  de^  for  scparhaater  is  deternined  cn  ncnogran  V.  All 
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initial  values  foe  deteriining  tne  heat-trassf er  coefficient  are 
accepted  according  tc  the  calculated  teaperature  of  steaa  (see 

p.  5)  in  that  duct,  for  khich  is  checked  the  temperature  of  wall. 
Pressure  of  steam  takes  as  the  equal:  for  the  initial  sections  -  to 
pressure  in  the  drum,  fer  rhe  faoal  ones  -  to  pressure  after  the 
steaa  cutoff  catch,  for  tae  intermediate  ones  -  to  average  between 
these  values. 

For  the  evaporative  surfaces  the  coefficient  of  heat  transfer  is 
determined  with  the  cxidjzing  ducts  on  neaegraa  XXVI,  and  with  the 
high-alloy  noncorrosive  ducts  -  according  tc  formula  {7a)  of  i^ppendix 
III.  For  determining  ag  preliaroarily  should  te  taken  value 
value  tfs  it  is  designed  agarn  only  in  such  a  case,  when  taken  and 
calculated  values  «...<■  they  are  separated  to  more  than  lOo/o. 

16.  Hhen  pressure  difrerential  in  distributing  and  asseibling 
collectors/receptacles  cf  hurdle  of  superheater  ccmmensurable  with 
resistance  of  ducts,  whicn  cconecr  collectors/receptacles,  that  most 
frequently  can  occur  with  three-coil  superheaters,  large  diaeeter  of 
coils  and  at  comparatively  small  length  cf  ducts  between 
collactors/receptacles,  tor  example,  in  radiation  superheaters, 
especially  at  reduced  pressure  cf  steam  in  boiler,  should  be 
calculated  hydraulic  nentnif or  miry  of  distribution  cf  steam  cn  the 


basis  of  coils 
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The  value  of  nonuniioralt^ «  other  conditions  being  equal, 
depends  on  the  connection  of  collectors/receptacles.  By  the  greatest 
nonunifornity  is  characterized  ciagraa  Z  (Fig.  13) ,  saaller  have 
diagram  II  and  diagram  U,  which  is  the  dual  diagram  P.  With  any 
quantity  of  supplying  and  outlet  pipes  collector  system  can  te 
represented  in  the  fori  cf  several  systeis,  ccnnected  on  the  simplest 
diagrams  indicated.  Diagram  with  the  supply  atd  the  diversion/tap  of 
pair  by  a  large  quantity  or  ducts  is  characterized  by  virtually 
completely  uniform  steal  supply  and  does  not  require  testing. 


Degree  of  irregularity  is  characterized  by  the  value  of  the 
ratio  of  ainimun  ezpenditure/consumption  on  the  coil  to  the  average: 


^mum 


(15) 


and  it  is  calculated  according  to  the  formulas: 


for  diagram  Z 


1.= 


/  ip  +  d/.,  + 


(16) 


for  the  diagram  P,  if  a  change  of  the  pressure  in  the  assembling 
collector /receptacle  is  lore  than  in  that  distributing. 


I  +  .  /  + 


y  op  t- 

“then,  if  a  change  c£  the  pressure  in  the  distributing 


collector/receptacle  is  icre  tnan  in  that  assembling. 


’i/i- 


I  + 


1  + 
V  + 


(18) 
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Oiagraa  H  they  conditionally  divide/aacic  c££  into  two  halves 
(Fig.  13)  and  each  desigcs  as  diagxaa  P.  So  they  enter  the  cases  c£ 
■ore  conpound  circuits. 

In  the  latter/last  torsulas:  6p  -  £Qll/tct al/coaplete  calculated 
loss  o£  pressure  in  the  ceil  or  handle,  calculated  according  to  the 
coBfflon  £oraulas,  Icg/a^;  -  pressure  drop  in  the  asseabling 
collector/receptacle,  kg/a^^  deterained  according  to  the  fornula  ^ 

kg/B^,  C{^) 

w"  -  the  speed  o£  steaa  in  the  section/cut  c£  collector/receptacle 
a£ter  the  latter/last  dcct,  a/s;  t.  -  specific  gravity/veight  of 
steaB  in  the  assembling  collectcc/recept acle ,  kg/B>;  ~  lift  of 

pressure  in  the  distributing  ccllector/receptacle,  kg/m^,  deterained 
according  to  the  foraula  * 

- 

‘‘'''"^'"2?  T,  kg/B*-  CiO) 

V*  -  the  speed  of  steaa  in  the  section/cut  the  ccllector/receptacle 
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before  the  first  duct,  a/s;  t,  -  specific  gravity/weight  of  steaa  in 
the  distributing  collectcr/recef tacle,  Icg/a3. 

FOCTMOTE  If  in  the  initial  section/cut  of  collector/receptacle 
speed  u*=0,  into  the  nuaerator  ct  xoraula  (19)  is  substituted  value 

VI"  2-Vl'2. 

3.  If  in  final  section/cut  ct  ccllector/receptacle  speed  w"  /O,  into 
nuaerator  of  formula  (20)  is  substituted  value  vi'a-vi"  ENDFCOTNOTE. 

Coefficient  C|  takes  as  the  egual  tc:  0.62  -  during  the  end 
supply  by  the  total  cress  section  cf  collectcr/receptacle,  “ 

during  the  end  supply  by  bcanca  with  the  diaaeter  saaller  than  the 
diameter  of  collector/recsptacle,  and  0.96  •  during  the  side  supply 
(Fig.  1  3)  . 

Enthalpy  of  steam  at  the  output  from  the  ceil  with  the  sinimua 
ex pendlture/consumptioc  is  designed  taking  into  account  deternined 
degree  of  irregularity: 


kcal/kg.  (Al) 


Designations  in  this  fcriula  see  formulas  (5)  and  (15) 
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Since  the  nonunifcieity  ot  heat  abscrpticn  in  the  width, 
considered  on  the  indications  p.  5,  leads  usually  tc  an  increase  in 
the  temperature  of  steam  in  the  average/mean  in  the  width  of  flue 
coils,  the  combined  effect  of  tnecial  and  hydraulic  ncnuniformity 
should  be  considered  whec  in  the  bundle,  which  cccupies  entire  width 
of  flue,  ceils  with  the  linimuc  expenditure/censumption  of  steam  are 
placed  in  its  middle  part.  In  mesa  cases  intc  formula  (5)  instead  of 
value  i  is  substituted  value  i,.  Is  the  remaining  calculation  cf  the 
temperature  of  wall  it  remains  without  the  changes. 

Ninimum  expendltare/consuaptxon  of  steam  corresponds  to  the 
coils,  connected  between  these  sections/cuts  cf  the 
collectors/receptacles,  for  wnich  pressure  difference  in  the 
distributing  and  assembling  collectors/receptacles  is  smallest.  The 
location  of  these  sect ic rs/cuts  is  determined  in  accordance  with  the 
diagcaas/curves  of  the  uistributicn  of  pressures  along  the 
collectors/receptacles,  given  in  Fig.  13. 

During  the  arrangemcat/pesatien  of  coils  with  the  mioimun 
expenditure/consumption  cn  the  edges  of  flue  (at  the  removal/distance 
from  the  walls  to  1/6  widths)  is  considered  cnly  that  form  of 
nonunif ormlty ,  which  causes  a  larger  increase  in  the  temperature  cf 
wall.  As  a  rule,  should  be  calculated  only  the  ncnuniformity  of  heat 
absorption  on  the  basis  cf  the  width  and  conducted  calculation. 
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b 

disregarding  hydraulic  ccauniiccaity. 

with  a  noticeable  difreience  an  the  configurations  of  the  in 
parallel  connected  coils  due  tc  their  different  resistances  appears 
the  additional  nonunif cciicy,  act  considered  in  the  calculation 
procedure  in  question.  Ibis  addaticnal  ncnuni foraity  aust  he 
introduced  into  the  calculation,  ax  the  specific  resistances  cf  the 
in  parallel  connected  ceils  ace  dastinguished  between  theaselves  to 
lOc/o  or  more. 
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Pig.  13.  Connections  of  coilectccs/receptacles  and  curves  of 
pressures. 

Key:  (1).  In  the  distritutang  collector/receptacle.  (2).  In 
assembling  collector/reccptacie,  t3).  Side  supply.  (4).  Distributing 
collactor/receptacle .  (5).  End  supply.  (6).  Asseabling 

collector/receptacle .  ("Jj.  Ciagra*. 
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Appendix  V 

BRIEF  INDICATIONS  IN  ACCC8CANCB  NllH  THE  DE£ IGN/ PRO J ECTIOM  OF 
COMBUSTION  SYSTEMS  AND  fcEATlSG  SOBFACES. 

Present  racofflaendations  relate  to  the  design/projection  c£ 
combustion  systems  and  surraces  ci  heaticg  stationary  bciler 
aggregates/units  vith  the  natec-tuhe  boilers,  in  essence  with  the 
gravity  circulation.  Partially  these  recommendations  can  be  used  also 
for  other  types  c£  bciler  acgrecates/units, 

Hecommendations  regarding  the  design/prc jection  contain  guiding 
indications  for  the  designers  acd  designers,  but  they  are  not  norms 
and  their  fulfillment  is  net  ccupulsory. 

A.  Combustion  systems. 

a)  G'Sneral  consideraticcs. 

1.  Selection  of  combusticn  system  is  determined  by 
physicochemical  properties  of  tuei/prcpellant,  by  steaming  capacity 
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and  construction/design  c£  tcilcc  aggregate/unit. 

Chanber  furnaces  fcr  coabusting  the  fuel/propellant  in  the 
powdered  and  suspensior  can  be  used,  as  a  rule,  under  the  ball  solid 
fuels,  with  exception  cf  lump  peat,  firewood  and  woed 
withdrawals/departures . 


I 


-I 
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table  1. 


RecoBnended  types  c£  cbaaheE  furnaces. 

- W  Thh  Tono4Noro  yerpoAcTM 


Ov 


n«ponpoHM4^ 

Aitre.ikHOcte 

Rur.ie.  m/mue 


peKDMeiiayeMyp 


)  AHTpauiiToahii  .  . 

I.S’)Toiuh«  yr.iM . 

{CO  Ka««  Htiuc  yr.iH,  V^*’<30*/* 
I®  KawenMye  yrvTH.  V'^^JOVe 

'  II  iOr.topbi  yr.ieo<^orame* 

HMH^ . 

(  *2i|Bypue  yr.m.  ^"*5^15.  . 

(i_£^yphie  IT'*— 15-<-30 

(n'^To  . . 

Bypue  yr.iH  flf''**«20-5-30 

Q^^ypwe  yr.iH,  ^^*>30  .  . 

*  Jy  CiaHUhi . . 

^^<PpejeprtuA  Top<t> .  .  .  . 
To  . . 


Mt  . 


Mt  .  *  .  . 

MP3y  r  M  r»i  . 


rfMJieyro^iMiap  TonKa* 
ribt.ieyroJibMap  ronna^ 
nM.icyrn.itiHan  torko 

nbi.ieyrojii>iiafl  ToiiKa 


(<i 


^12  (y  nu-'icyro.ibiian  ronKa 
^12  ^i5  UlaxriiO‘Me.ibiiHMHaR  TonKa 
<6.5  (, 4  flMCBMaTimccKafl  Tonxa  UKTH 
ciiCTe.Mu  UlepuiHcoa* 

^(2  TonKH  c  Me.iioiuHkiH  aeHTMJia* 
'  TopaMH 

>35  M  ribiJicyroJibHaa  ToriKa* 

^12  nuJieyro.ibKan  ronKa* 

>12  liJaXTHO-MC.lbHIiqHaR  torkp 
<^t  BMxptabie  ToiiKii^Vj 

4-i-20  &/^X^itenMaTHMccxaq  Tonxa  UKTH 
cticreMbi  lUepuiHeaa* 
>20~7^J  lUaxriio*MeabHii4Maa  TonRa 

m)  ^75  LiiaxrHO'MeJtbNHqNDi  ronKa 


Of  pa-  KaMcpMaa  Tonaa^^^ 

HHqCHNM 


{5) 


lUaXTIIO-MC.IbHHHHaK 

loriKa* 

© 

ni>i.ieyro;ibH8H  ronKa 

IUaxTHO'\ic;ibi<HuHaKr^  f) 

lUaxTMo-Me^ibtmqHaK 

TOMKa* 

UiaxTiio-McjbHHqHaK  ry 
TORKa^ 

nu.'ieyroabtiaK  TonKa{,,^7^ 

lilaxTHO-MeiibiiHqHaK 

TORKa 

riHaBMarHqecKaii  torkb 
UKTH  CHCTCMU  UJepui-. 
Heaa* 


Mote. 


Under  the  coal-dust  heatings  are  undecstced  the  heatings, 
equi>ped  by  coal-dust  turners,  including  with  the  grinding  of 
fuel/propellant  in  the  unrt  type  sills,  sine-iill  are  naaed  tte 
heatings,  supplied  uitfa  the  open  esbrasures  cr  to  eobrasures  kith 
different  dividers  ,  etc. 


Key:  (1).  Fuel/propellant.  (2).  steas  capacity  of  bciler,  s/h.  (2) 
Boiler  steaa  capacity,  s/h.  (3).  Type  of  ccsbostion  system.  (4). 
reccaaended.  (5).  substituting.  (6).  Anthracite  fines.  (7). 


Pul verized-coal  coabustcr  ‘ 
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FOOTNOTE  For  ASh  and  lean  coal  with  the  tcilec  stean  capacity  is 
above  35  n/h  is  recooiaenoed  the  supply  tc  dust  into  the  heating  by 
hot  air.  ENDFOOTNOTE. 

(8).  Lean  coal.  (9).  Bltuainous  coal.  (1C),  line-*  mill  furnace^. 

FOOTNOTE  2.  It  is  adapted  when  Bith  D>35  m/h  are  adapted 

coal-dust  burners.  ENDfCClMCIE. 

(11).  By-product  coal 

FOOTNOTE  For  the  wittdrawals/departures  cf  enrichment,  with 

k.,  T,\.i  and  the  bcilex  steam  capacity  tc  35  i/h,  sometimes  is 
allowed/assuaed  the  use/appiication  of  sine-mill  heatings. 

FOOTNOTE  (12).  Brown  ccal.  (13),  Vane-  mill  beating.  (14).  Pneumatic 
heating  of  TsKTl  system  cc  starshoev. 

FOOTNOTE  It  is  recciiended  ter  the  earthen  brewn  coal  with 
BP<52o/o.  Must  be  provided  tor  toe  preliminary  splitting  of 
carbon/coal  to  the  on-screen  residue  5x5  not  more  than  5o/o. 


ENDF )OTNOTE 
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(15).  Then.  (16).  Heatings  with  grinding  fans.  (17).  ttine-aill 
furnace^. 

FOOTNOTE  s.  With  the  pceliainai^  drying  (to  the  grinding)  on  the 
locked  or  extended  diagraa.  ENCfCClNOTE. 

(18) .  Pdlveri zed-coal  ccadustcr  *. 

FOOTNOTE  *.  With  the  extended  diagraa  of  pulverized  coal  preparation. 
EMDF10TN0TE. 

(19) .  nine-  aill  heating 

FOOTNOTE  with  the  pcelrainaiy  drying  (to  the  grinding)  on  the 
extended  diagraa.  ENDFCCTNOTE. 

(20) .  Pneuaatic  heating  cf  isKli  systea  of  Sfaershnev.  *. 

FOOTNOTE  *.  It  is  adapted  in  the  absence  of  the  need  for  work  on  the 
substitutes  of  cut  peat.  ENOFCCIMCIB. 

(21) .  Schists.  (22).  nilliog  peat.  (23).  There  are  no  linitations. 

(2U)  owirl  furnacesi  (25)  Chamber  furnace. 
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FOOTNOTE  Sometioes  Is  allowe d/assumed  use  fez  boilers  d=20  a/h. 
ENDPJOTNOTE. 

Page  115. 

The  joint  coabustion  of  fauaeree  fuel  with  the  blast-furnace  gas  is 
not  recoaaended  as  a  result  of  the  significant  growth  of  furnace 
losses. 

Concrete/specific/actual  indications  abcut  the  selection  of 
chaaber  furnaces  in  depetdirg  cc  the  fora  cf  f uel/prcpellant  and 
steaaing  capacity  cf  boiler  aggeegate/unit  ace  given  in  Table  1. 

2.  Layer  heatings  fee  rua-cf-the-aine  ccal,  as  a  rule,  it  is 
expedient  to  use  under  bcilers  by  steaming  capacity  to  20  i/b. 
Soaetiaes  layer  coabustion  can  peeve  to  be  cf  expedient  and  for  the 
boilers  larger  steaming  capacity. 

The  heatings  with  charn/circuit  lattices/grids,  equipped  by 
precoabustion  chambers,  can  be  used  for  coabusting  the  luap  peat 
under  the  boilers  by  steaaing  capacity  tc  23C  a/h. 
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Layer  heatings  do  net  aosuce  the  satisfactory  coabustion  of  the 
anthracite  fines,  eaaciated  ncncaking  and  high-ecisture  brown  (U"*  is) 
carbon/ccals.  Billing  peat  and  tine/snall  production  wastes  (busk, 
sawdust,  etc.);  therefore  for  tnese  f uels/pxcpellants  they  are  not 
recoil  Bended. 


Concrete/specific/actual  indications  about  the  selection  of 
layer  heatings  in  depending  cn  the  forn  cf  fuel/propellant  and 
stealing  capacity  of  bciler  aggregate/unit  are  given  in  Table  12. 


3.  When  selecting  ci  type  cf  beatings  fer  fellers  by  steaalng 
capacity  below  20  B/h  should  ce  censidered  need  for  Best  coaplete 
Bechanlzatlon  of  all  prccesses.  in  connection  with  this  the 
use/application  of  heatings  with  the  nanual  aaintenance/servicing  can 
be  peraitted  only  for  the  boilers  by  steaaing  capacity  to  1  and  only 
the  substances  in  individual  cases  to  2  i/h. 


b)  Heatings  for  the  chaaber  ccacustlon. 


4.  Selection  of  type  of  chaaber  furnace  in  depending  on  fora  cf 
burned  fuel/propellant  ard  steasing  capacities  cf  bciler  asseslby  is 
recoa Bended  tc  produce  according  tc  data  of  ^able  1. 


5.  During  calculation  of  furnace  chaBbers/caaeras  with  dry  and 
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liquid  slag  disposal  tei {ecatuces  cf  gases  at  cutput/yield  from 
heating  start  from  conditions  cf  warning/pre venting  slag  foriaticn  on 
Table  2.  These  tenpeiat ties  are  assigned  for  those  cases  when  the 
following  after  the  heating  convective  surfaces  have  the  rarefied 
part  (for  example,  festcen  and  rarefied  first  runs  cf  pipes  cf 
superheater),  which  recuces  tte  teiperature  cf  gases  not  less  than  on 
50®C. 


The  screens  with  two  tiers  cf  windows  and  the  screen  heating 
surfaces  can  be  arrangea/lccaced  in  the  vone  cf  the  temperatures, 
which  exceed  those  indicated  by  laole  2;  the  distances  between  the 
screens  must  be  with  this  not  less  than  700  va. 

6.  For  carbon/coals,  shown  in  Table  2,  temperature  of  gases  at 
output  from  heating  tentatively  car  be  taken  as  equal  to  temperature 
cf  beginning  of  defornaticn/str ain  of  ashes  (see  pH  2-01)  but  not 
more  than  1150°C. 

7.  Quantity  of  burners  in  depending  on  type  and  their  Iccaticn 
is  recommended  to  select  in  accordance  with  data,  given  in  Table  3. 

8.  As  circular  turrulent  burners  are  recemmended  burners  of  type 
of  ORGRBS  [  oprpsc  -  state  Trust  for  the  Organization  and 
Rationalization  of  Reglcnal  Electric  Power  Plants  and  Networks]  or 
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During  the  angular  locatica  ace  reccaaended  slit  type  burners. 
Slit  burners  is  expedient  tc  carry  out  by  rctary  ones  ^  for  the 
possibility  of  flame  ccntrol  in  toe  heating. 

FOOTNOTE  Besides  ASh  «nd  carbonaceous  coal.  ENCFCOTNOTE. 

During  the  angular  location  of  burners  the  relationship/ratio  of  the 
sizes/dimenslcns  of  heating  in  the  plan/laycut  is  desirably  net  more 
than  1**  1 . 2 « 


As  the  outflow  burners  are  recommended  the  burners  in  the  form 
of  the  nozzles  of  rectangular  cross  section  with  the  location  of  the 
larger  side  of  burner  cc  toe  height  of  heating. 

9.  Selection  of  distances  between  burners,  and  also  from  burners 
to  enclosing  surfaces  fellows  it  produces  in  accordance  with  data, 
given  in  Table  4. 

During  two-next  the  locatica  cf  burner  it  should  be  placed  on 
the  triangle  by  apex/vertex  upward  for  the  frent  or  downward  for  the 
lateral  -  counter  locatica. 


•I-  •-  ,'v  ‘ 


1 


DOC  3  80041106 


EACH  3^^ 


^able  2.  Naxiaun  peroisslole  the  teaperatures  of  gases  accordiog  to 
the  conditions  of  slag  tuiJ.dup. 


(') 


D<9m 

_ 


D9m 

qTL 


^3)AHTpilUHT00Uft  mTbiS  .  . 
(Hi  Touihc  yra* 

iS^RoHCKtnA . 

^4)  Apa.iHMCocitiiA  .  .  .  .  . 

(7/KaMeHHue  yra» 

(S/KaparaHAHHCKiia  .  .  .  . 

[^KeucpoBCKiiA . 

fiaKMacBOBCKiiA  .... 
(ii/OopxyTCKiiA . 


(/^T*onn  yrxt- 
'  oAnraiucHH* 

^IV^ohcukhA  nn.M  .  .  . 

|l‘|iBypbie  yr.ati 

(iSiriOAMOCKOaHUi  .... 
.«/M<aHAHiicKuA  .... 
ti;Eoroc.ioacKHA  .... 


^l4)C  .1  a  H  a  u 

i/HlScTOHCKHC  H  rAOaCXMC 
^A<|BaaiKCXMe . 

■^1  (AiiTop^ 
■frpeatpHuA  Top^  ■  .  .  . 


ISO 


I  100 
I  ISO 


I  ISO 
I  100 
I  100 
I  lOO 


I  100 


I  100 
I  100 
I  I.SU 


900 

950 


I  ooo 


I  100 


I  050 
I  too 


I  100 
I  OoO 
I  050 
I  050 


I  050 


I  050 
I  050 
1  100 


850 

9u0 


950 


Mote.  For  the  bcllets  ty  stealing  capacity  not  above  120  a/h 
vith  the  difficulty  cf  ccoiiog  gases  by  wall  screens  down  to  the 
indicated  in  Table  2  values  of  tne  aaxiaun  peraissitle  temperature  is 
allowed/assuaed  an  increase  in  the  temperature  cf  gases  at  the  output 
from  the  heating  against  the  values,  indicated  in  Table  2,  but  not 
higher  than  on  50<*C. 


Key:  (1).  fuel.  (2).  n/h.  (3).  Anthracitic  coal  dust.  (4).  Lean  coal. 
(5).  Donets.  (6).  Aral.  (7).  fiituilnous  coal.  (8).  Karaganda.  (9). 
Kemerovo.  (10).  KizelcvsAiy.  (11).  Vorkutskiy.  (12).  By-product  coal. 
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(13).  Donets  PPn,  (14).  Ecomd  coal.  (15).  Moscow.  (16).  Chelyabinsk. 
(17).  Theological.  (18).  Schists.  (19).  Estonian  and  Gvodskiy.  (20). 
7olga.  (21).  Peat.  (22).  hiilang  feat. 

Page  116. 


During  the  location  ot  burners  on  the  triangle  the  distance 
between  the  adjacent  burners  on  the  horizontal  is  received  as  2-3.2  a 
when  n,  <25  e/h  and  3-4  t  wnen  o,>25h-«  m/h. 

10.  Length  of  flaae*  soouid  be  selected  not  less:  for  boilers  by 
stealing  capacity  20-50  i/h  of  7-1C  ■;  for  toilers  by  steaaing 
capacity  75-120  «/h  of  11-13  a;  for  boilers  by  steaaing  capacity 
150-230  a/h  of  14-16  a. 

FOOTNOTE  *.  Onder  the  length  ot  torch  is  understood  its  conditional 
•trajectory,  planned  along  the  axis  of  burners  frca  their  aoutb  to  the 
vertical  axis  of  heatitg,  then  along  the  vertical  axis  -  froa  the 
plane  of  the  location  of  burners  tc  aiddle  of  teller  beaa.  or  festoon 
and  -  with  the  lateral  yield  of  gases  -  frci  the  vertical  axis  to  the 
encounter  with  the  tube  tans,  witn  layer  firing  the  calculation  is 
conducted  froa  the  axes  of  the  upper  row  of  turners.  ENDFOOTNCTE. 

The  upper  Halts  arc  reccatended  for  ASh  and  lean  coal. 
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11.  Furnace  depth  durlrg  treat  location  cf  burners  or  eabrasures 
should  be  selected  in  accordance  with  data  cf^^fale  5. 

12.  Exit  velocities  ct  dust^  aixture  and  second  and  outflow  air 
from  burners  are  selected  fer  rated  steal  capacity  of  boiler  in 
accordance  with  data  of ^acle  6. 

13.  selection  of  speeds  in  eatrasures  and  nozzles  of  aine-aill 
heatings  is  recoamended  to  produce  according  to  data  of^able  7. 

14.  Bnbrasures  of  aine^aill  heatings  one  should  to  establish  as 
near  as  possible  to  cold  funnel^  leaving  on  front  wall  under 
eabrasures  only  place  for  distribution  cf  lower  nozzles,  niniaua 
distance  fcoB  the  lateral  face  cf  extrene  eakiasures  to  the  adjacent 
walls  Bust  be  not  less  than  400  aa. 

Hith  the  open  eabrasures  the  angle  cf  the  slope  of  upper  nozzles 
to  the  horizon  is  reccBiended  with  hS-SS**,  and  Icwer  of  -2S-35<*. 
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able  3.  Quantity  c£  dust  buicexs 


riaponpoNS' 

•ojMTeji^ 
ROCTk  HOT.1t 


IftZI 


PtcrM»M>«eNiie  m  tmo  rope,40K 


fioKotot  —  terpeHNoe 


3-i-4 

I50-i-230  — 


Key:  (1).  Boiler  steans  capacity,  a/h.  (2).  Iccaticn  and  type  cf 
turners.  (3).  front.  (4).  lateral  -  counter.  (5).  angular.  (6). 
circular  turbulent.  (7).  aultislot 


FOOTNOTE  ‘.  They  are  adapted  scietimes  fcr  cctbusting  rock,  and  brown 
coal.  ENDPOOTNOTE. 


(8) .  slit.  (9)  To 


FOOTNOTE  *.  During  the  installaticn  of  two  burners  one  should 
establish/install  the  third  reserve  feeder  cf  dust  with  the  chutes  to 
both  pulverized  coal  ccoduits. 
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^able  4.  Arrangement/pcsitic c  ct  burners  in  the  pul varized-ccal 


coabustors. 


(s)  VcjiOMba  npoRsaoAiiTCAMiocrb  ropejiBH 
no  nipjr,  mfnac 


^ _ _ _  ocrptvHOM  p«cno.io)KvtniR  j  pocnoAOMeumi 

'57PaccTOfiHiie  oT  ocu  iiMHCHcra  peaa  j 

rope.ioK  JO  sepxa  xo^oahoA  j 

poiimi  I .  jt  t.5^1.7  l.r-^2,2  1.2-^!. 4  l.4-i-l,6 

yb'P^ccToaiiiie  or  oceA  Kp.iAiiH.x  rope*  ' 

\  .  .10K  JO  npiiMMKaioutMx  creii  ...  *  .  i.S-j-i  8  {  1.8':-2,2  —  _ 

\viPaccTOHinie  Mem.jy  ocamm  cvcaciimx  j  ■  '  . 

rope.ioK  to  ropiiaoHT.i.iM  h  MOKjy  | 

pa.ia.Mii  fUpc.uK  no  eepTiiKajii  .  .  ,  |  I.O-i-2.0  |  2.0-f-2,5  I  l.4-r“1.6 

Key:  (1).  Dimensionality.  .  ccnuitional  prcdcctivity  of  burner  on 
steam,  m/h.  (3).  circular  turculant  during  frcnt  cr  counter  location 
(4).  slit  during  angular  location.  (5).  Distarce  from  aiis  of  lower 
row  of  burners  to  top  or  cold  funnel 


PCCTMOTS  *.  During  the  location  ct  burners  on  the  triangle  by 
apex/vertex  downward  the  distance  is  received  as  C.7-1.2  n;  with 
location  by  the  apex/vertax  upward  1.2-1. 5  ■  tor  the  turners  ty 
productivity  a/h  and  1,4-2  ■  for  “.  >«+  40  m/h  on  steao. 

EMDFOOTMOTE. 


(6).  Distance  from  axes  of  extreme  burners  to  adjacent  walls.  (7). 
Distance  between  centers  of  acjaceot  burners  on  horizontal  and 
between  rows  of  burners  on  vertical  line. 


DOC  =  80041106 


FACE 


3^’ 


able  5.  Furnace  depth. 


j /)naponpoi}3BOAHTe.ibHocTb  KOTe;ibKoro  arperara,  < 
mfHac . 1 

1 

1 

1 

! 

75 

I  1  JO 

230 

PeKoMeHayeMaii  rjiyOmia  TonRii  i;«  .MCHca,  m.  .  . 

4.0 

4..-, 

■'.S 

'  S.o 

7,0 

Key:  (1).  Steaaing  capacity  or  toiler  aggregate/unit,  a/h.  (2). 
Becoanended  furnace  de^tfc  is  not  less,  n. 

Page  117. 

Nozzles  on  the  rear  furnace  wall  should  te  arranged/ located  at 
the  level  of  eabrasures  horizcntally  or  eith  the  inclination/slope 
downward  to  15®. 

The  use/applicaticn  or  the  cpen  eabrasures  in  the  shaft-aill 
furnace  ensures  the  sufficiently  sifective  ccsfcusticn  of  brown  coal 
and  oilling  peat  under  the  ncilers  of  snail  ard  average/nean  power. 
For  the  boilers  of  large  power,  and  also  during  the  coobusticn  of 
bituoinous  coal  for  the  purpose  of  an  increase  in 

efficiency/cost-effectiveness  and  inprovenent  of  the  adjustability  of 
burning  process  is  recciienaed  the  use/application  of  special  burner 
de vices/e quip nent. 

15.  To  speed  in  burners  for  blast-furnace  gas  it  should  be 
selected  according  to  data  cf^aoie  8,  and  for  flameless  burners  - 
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according  to  data  o£'|ahIe  8. 

16.  oil  sprayers  fee  constant  coabusticn  of  petroieua  residue 
■ust,  as  a  rule,  be  used  with  aecnanical  ate lization/pulverization. 
For  the  beilers  of  ssall  steasisg  capacity  |tc  2C  a/h)  are 
allowed/assuaed  the  sprayers  nith  the  steam  a tomization/pulverization 
cf  petroleum  residue.  FiEendituxe  cf  steam  fci 
atomization/pulverizaticc  is  0.3-0.35  kg/tg. 

17.  To  air  speed  ic  mazut  and  gas  burners  it  should  be  selected 
according  to  data  of  ^tle  10. 

Outlet  gas  velocity  frea  the  slots  cf  gas  and  gas-oil  burners 
starts  within  the  limits  of  25-150  o/s  in  depending  on  the  available 


gas  pressure 
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^^ble  6.  Speeds  of  pciidcy,  second  and  outflow  air  on  leaving  fron 
the  burners  into  the  heating,  a/s. 


^  l)Tan  rop«40K 

f^/ AHTMUMTUaut 
'  MtW0 

1 

^3^TeiiiiM  yrM 

(i/  yr.« 

nep»a«>  1 

ar“* 

Bropne- 

BvnpNe* 

ntpene- 

(£r“* 

Brnpae- 

(7)Kpyrjiye  ryptfy.n«HTMwe  TK3  (y.m* 
ro^Horo  THoa)  hjih  OPrP3C  .  .  • 
UltJCeM*  roptJKi  npN  yr.ioaoM  pac- 

/Q.  noaowaNNfl  . 

Vi/  C<SpocHM«  rapa;iKN . 

12+!fi 

27^32 

18+22 

27+32 

16+20 

27+32 

30+40 

■20+25 

■27+32 

a)+^26 

27+3! 

30+40 

20+30 

32+37 

Key:  (1).  Type  of  burners.  (2).  Anthracitic.  (3).  Lean  coal.  (4). 
rocic  and  brown  coal.  (5).  Ptisary.  (6).  Second.  (7),  circular 
turbulent  TKZ  (spiral  type)  or  CBGBES.  (8).  Slit  burners  during 
angular  location.  (9).  Cutficu  turners. 
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table  7. 


Exit  velocities  o£  air  Mixture  and  air  in  shaft-mill  furnace 


m/s. 


0) 

Tniiu  •Mflpaayp 

M  contJT 

ny.tcMsayfaiia* 

a.) 

CoPitt 
MA  it  nOA 
•Mepaay* 

piMb 

CoteJi*  amcKOiiOHBUt 
«M6p«»yp 

Conjta 

Ha  UAMei 
creHe 
TOnKH 

f^J 

yCTM 

xoaoaaoi 

aOpOHHH 

- 

4>poNro* 
Nf>«  pac- 

HM  aMBp«< 

Vriiomoe 

p««no.(io* 

«M6pasyp 

(n) 

1  tepxNic 

i(« 

mrmniic 

1 10) 

(  ///riojiue  iM^pasyphi  h  aMiJpa- 
aypbl  C  rOpHJOHTaJlbHNMH 
pacceKarcJinMM  ... 

(  (^JSiKeKUHoiiHbie  auOpaaypbi 

^  UKTM  .  . 

( f  3jf^M0p«3ypu  c  conjiaMH  a  bn< 

AB  BCpTNKBJIbHUX  lUBiieA 

44-6 

44-6 

154-18 

204-40 

154-20 

304-35 

254-30 

304-35 

354-45 

354-45 

54-6 

5-46 

Notes. 


1.  Opper  limits  relate  to  toilers  cf  larger  steaming  capacity. 


2.  Downdraft  throuct  mouth  cf  cold  funnel  is  adapted 
combustion  of  milling  peat.  A  guantity  of  air,  applied  in 
■ust  compose  10-15o/o  cf  the  guantaty  of  air,  supplied  tc 
heating. 


only  during 
the  mouth, 
the 


Key:  (1).  The  types  of  embrasures  it  puffed.  (2).  Dusty  mixture.  (3). 
Nozzles  above  and  under  embrasures.  (4).  Nozzles  of  ejecting 
embrasures.  (5) .  Nozzles  cn  rear  wall  of  heating.  (6)  .  Nouth  of  cold 
funnel.  (7).  Front  location  of  embrasures.  (6).  Angular  location  of 
embrasures.  (9).  upper  (10).  lower.  (11).  Hcllcw  embrasures  and 
embrasures  with  horizcrtal  by  breakwaters.  (12).  Ejecting  embrasures 
of  TsKTI .  (13).  Embrasures  with  nozzles  in  the  fora  of  vertical  slots. 
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[able  8.  Air  speeds  and  fclast-tucaace  gas  in  the  burners. 


(0 

T«n  r.,.,.. 

•oeayxa  na 
•Mxoee  se 
ttieJtri 

KM.  MfCtM 

^anpocTb  A*- 

^  MeNNoro  rtM 
ne  awxdje 
uc.ieA  rope/io, 
Jijcr* 

yr.ionuc  rope.iKH 

;iM3 . 

35H-45 

30-4-35 

lUe.iCfibic  ro(i«.iKM 

■J0^30 

;u-;-30 

tTpydmrMe  rope.i' 

KN . 

25 

25 

Key:  (1).  Type  of  burner.  (^)  .  Air  speed  at  output  froa  slots  of 
burner,  a/s.  (3) .  Speed  of  tlast-f urnace  gas  at  output  froa  slots  of 
burner,  a/s.  (4).  Tangentral  turners  of  IHZ.  (5).  slit  burners.  (6). 
Tubular  burners. 


Page  118. 

18.  During  arranqeaent/pcsitrcn  of  oil  sprayers  productivity 
500-1000  bg/h  on  front  vail  of  beating  distacce  of  their  axes  of 
lateral  walls  aust  be  not  less  that  1-1.2  a,  but  froa  lower  row  of 
sprayers  to  hearth  -  net  less  than  1  a.  furnace  depth  with  the 
productivity  of  sprayers  iOC-250  xg/h  aust  ccaprise  not  less  than  3 
a,  but  with  the  productivity  50C  bg/h  and  above  -  not  less  than  4  a. 

19.  For  noraal  eperatien  of  orl  sprayers  is  necessary  preheating 
petroleuB  residue  to  tea peratures,  which  previde  required 
viscosity/ductility/toug fcness  (see  RN  3-C2). 
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For  the  mechanical  kuroers  maxinun  permissible 
viscosity/ductility/tougtness  6  recommended  >3.5<>UV  (relative 
viscosity) .  For  the  steam  jets  the  maximum  permissible 
viscosity/ductility/tougbness  15,  recommended  with  -7®  UV. 

20.  Daring  calcalaticn  o£  turner  devices  quantity  of  primary  air 
for  carbon/coals,  schists  and  eillrng  peat  is  ceccmmeoded  to  select 
in  accordance  with  data  of  Yatie  11,  connecting  it  with  results  of 
thermal  design  of  dust-system. 

For  the  petroleum  residue  and  the  gas  entire  organizationally 
applied  into  the  heating  air  should  be  supplied  to  the  coot  of  torch. 

C)  Heatings  for  layered  combustion. 

21.  Selection  of  type  of  heating  for  layer  combustion  in 
depending  on  form  of  f uel/propellant  and  steaming  capacity  of  boiler 
aggregate/unit  should  be  produced  in  accordance  with  recommendations 
given  in  Table  12. 

22.  In  cases  of  installation  cf  layer  heaticgs  under  boilers  by 
steaming  capacity  more  than  2C  i/h  recommendations  remain  the  same  as 
for  boilers  with  D=20  m/b. 
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23.  Height  of  heating  for  toilers  with  steaalng  capacity  4-10 
■/h  one  should  assuae/take  2.5-4. C  a,  for  boilers  by  productivity 
20-35  a/h  -  not  less  than  4  a. 

24.  Active  length  of  grate  tar  fabric/bed  aust  be:  a)  with 
aanual  fueling  -  not  are  aoxe  than  2.3  a; 

a)  with  manual  loading  of  fuel/propellant  -  not  more  than  2.3  a; 

b)  with  mechanized  load  to  rigid  lattice  -  not  are  more  than  3.5 


c)  with  mechanized  load  to  icving  lattice/grid  -  not  are  less 
than  4.5  a. 

25.  Furnace  chaabers/caaeras  cf  layer  aechanical  and 
semimechanical  heatings,  designed  for  coibusting  car bcn/coals, 
anthracites  and  schists,  it  should  be  equipped  highly  raised  with 
front/leading  and  low  that  oeitted  by  rear  with  arcbes/suaaaries, 
which  overlap  about  half  grate  tar  fabric/bed. 

In  the  upper  graphs/counts  on  each  position  are  shown  the 
recommended  types  of  ccitustico  systems,  into  the  lover  ones  -  those 
su bstituting. 
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table  9.  niniaum  speeds  c£  gas-air  aixture  (cn  voluae  of  aixture  with 
C**C  and  760  am  Hg)  in  the  nacx/tbreat  of  the  flaaeless  burners  for 


the  blast-furnace  gas,  ni/s. 


Key:  ( 1)  , 


Content  of  hydrogen  in  the  gas.  (2).  Ciaaeter  of 


neck/throat,  aa.  (3).  Piniaua  speed,  na/s.  (4).  Not  aore.  (5).  To. 


Table  10.  Air  speeds  ic  lazut  and  gas  burners  in  the  narrowest 


section  of  eabrasure 


Vajl  ronji.u  ,  r..  eop^nm 

(3)M»iyT  (M*x»mi>iec)toe  pticnu.iH* 

"acH*.  «eHTii.mTopnoe  Ayxfc*)  XI-t-SS 

yrj  SUiyr  (naponoe  pacnuAiiBaHii^ 

,  flea  aeHTH.iaTopMoro  jvrkii)  5^8 
VdjnpHpoAHuA  raa  (raaoBue  h 

raao-MaayTNhic  ropc.iKM)  .  .  20-»-15 


Key:  (1).  Pora  of  fuel/propellait  and  type  of  burner.  (2).  Speed, 


a/s.  (3)  .  Petroleua  residue  (aechacical  atoaizaticn/pul verization. 


ventilator  blowing).  (4).  Petroleua  residue  (steaa 


atoaization/pulverizat icc,  without  ventilator  blowing).  (5)  natural 


gas  (gas  and  gas-oil  barters) . 


DOC  *  80041106 


^able  11, 


Quantity  of  pxlaary  air. 


I  raV  nponanT  nrpBtnmoro  •ot*y 

V  fir  ROjiK«eerH  Maayxa. 

I  &M«o^  r\)  noaaMCMoro  •  ronay 

ropDNyw  . _(W 


(^JKa.MeHHbie  >t.ih 
\qrio  Ate  .... 


?,  yOaHuu  ..... 
^^^pesepHul  Top4> 


(W 

Uu.ievrmfc- 
HWe  TOIIKN 

UJaxTMO-iii^* 

TOOU 

20-i-25^ 

— 

2t>.^25 

— 

25^30 

— 

30-^45 

30-i-4S 

40'i-45 

40-!-5U 

50*fi0 

50-i-60 

50-i-70 

Key:  (1).  Puel/pcopellant,  (2)  *  ^ield  of  volatile  coaponents  to 
coabustlble  aass.  (3).  Pcrcestaga  cf  priiary  air  frca  quantity  of 
air,  supplied  for  heating.  (4).  Puiverized-ccal  combustors.  (5). 
Jhaft-aill  heatings.  (6).  ASh  and  carbonacecus  coal.  (7).  Lean  coal. 
(8).  Bituainous  coal.  (S).  Ihan.  (10).  Brown  coal.  (11).  Schists. 
(12).  Hilling  peat. 


FOCTNOTB  1.  Recoaaendaticns  ara  given  for  the  diagraa  with  the  supply 
of  dust  by  hot  air.  During  the  supplying  to  dust  by  aill  air  a 
quantity  of  primary  air  must  be  reduced  to  l5-2Co/o  for  ASh  and 
seaianthracites. 
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Page  119. 


Table  12.  Recoaaended  tyfes  ot  layer  beatings. 


^  1 )  Tomiim 

napoa0ONaMsiiTe.AhHo<Tb  eotjmw.  m/nae 

*J  1  «+io  I  ■  ii+n 

( jjAHTpauHT  (APU],  ACUl, 

\  AC.  AM) 

TonKs  c 

3a6pacuaaTeneMt 

^4?  Tonaa  c  ueniioA 
peuaTaoA* 

^■^■^Tonaa  c  aenaol 
paaicTRoA 

Tonaa  c  pyifHuM 

3a>  pOCOM 

— 

— 

[^/ToiUHC  vraM  (TOahKO  H3 

luaxT,  BuaaioiuHx  c.ia6o 
cneKaKMUHeca  yr.iM) 

^^Tonxa  c  aaCpacuaaTeaeu 

- 

JojOKa  c  py<iHu.vi 
O/^aopocoM 

— 

— 

[^]  KiMCHHue  yrAH  n;ia-  , 
^  MCHHue  MCcnexttoiUMecii 

Tonaa  c  3a6pachiBaTe.ieM 

Tonaa  c  uiypyiouteA  n.naHKOA* 

Tonaa  c  uennoA  peuier* 
aoA  M  aaCpncunarejieM. 
Tonaa  e  uenHoA  petuer* 

( )ij  aort 

Tonxa  e  py.iiusi 
^aaOpocoM 

— 

— 

n/ti* 

MCHHue  cneicaiouiHeefi 

1  Tonaa  c  aaepachiaaTe.ieM  /  Ij) 

Tonna  c  uiypyiomeA  naaiixoA* 

Tonaa  c  iianMoA  peuiOT* 
aoA  H  3a6pacMBaTeaeM 

1  Tonaa  c  py-miuM  I 
QJaartpocoM  | 

_ 

yro.ia  ywepCHHoA 
ajiaacHOCTK 

-'-v 

Tonaa  c  aaOpacMaaTe/ieii 
^ — ^onaa  c  uiypyioiuaA  n.iaaKOA* 

Tonaa  c  iieniioA  pemet- 
aoA  a  aaCpacMaare.ieM. 
Tonaa  c  ucnaoA  peiueT* 

QD  •‘t-'l 

Tonaa  c  pymtMM 
saCpocoif 

Tonaa  c  HaK.TOHHO-ncpaTa.TaHaaK)iu«A  ptuieTaoA 

Ij^Bypu®  yr;iH  noawuieH' 

HOA  B.ia.^tlOCTH 

Tonaa  c  aa^pachiBare-ieM 

Toitaa  c  uiypyiouieA  n.iaHKoA’ 

Tonaa  c  uenifoA  peioer* 
koA  h  saCpacuBaTe.ieM 

Tonaa  c  py<iHuM 
Q^aaCpocoM  ^ 

Tonaa  c  Haa.ioHHO'nepe' 
l^.iKHsaioiueft  peiucThoA 

- 

(/7JTop<P  xycroaoA  npa 
IP'-AS.i-SOy, 

Ulaxmaa  Tonaa  *  {fjl 

lUaxTHO-utniiaa  TOnxa> 

-  - 

- 

{2.^)  C-iaMuM 

Tonaa  c  3a6pacu- 1 
))  BaTC.iew  1 

lowiAc  RaanoHHO-nepeTanaiiaamiuaA  peuieTaoA 

cZD 

- 

.^^A^ilpeaecHue  OTXoau 

(  yLi)  Ci.opocTHa«  Tonaa  UKTH  cacTCHM  noMepamma 

<PNNcaax  Tonaa  (c  HaanoaiiaA  pcalCTaoA) 

Key:  (1).  Puel/propellant.  (2).  Bcaler  steal  capacity,  a/h 
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Anthracite.  (4).  Heatirc  urtta  sfreadar 

FOOTNOTE  The  coabustiCQ  o£  tine  anthracites  under  the  bcilers  with 
C<10  o/h  is  undesirable  tecacse  ct  the  stall 
e£ficiency/cost-ef fectiveness  ox  mechanized  c£  fuels  used. 
ESDP)OTNOTE. 

(5).  Heating  with  chair  grate,  (o) .  Heating  with  chain  grate 

POCTMOTB  *.  For  the  boilers  by  steam  capacity  of  10  m/h.  ENDfCCTNOTE. 

(7) .  Heating  with  manual  tbr ow/excess/overshcct.  (8) .  Lean  ccal  (only 
from  mines/shafts*  salient  weaxly  talcing  coal).  (9).  Bitumincus  coal 
ardent  not  calcing.  (10).  Heatxng  with  spreader,  beating  with  the 
poking  lath 

FOOTNOTE  3.  For  the  boilers  by  steaming  capacity  to  12  m/h. 
ENDFOCTNOTE. 

(11).  Heating  with  chain  grate  and  ejectcr.  Heating  with  the  chain 
grate.  (12).  Bitumincus  coal  araent  sintering.  (13).  Heating  with 
chain  grate  and  spreader.  (14).  Bxcwn  ccal  cf  mederate  humidity. 

(IS).  Heating  with  obliguely  pushing  lat  tice/gr  id .  (16).  Heating  with 
obliquely  pushing  lattice/grid.  (17).  Peat  ct  lump  with.  (17a).  and. 
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(18) .  nine/shaft  heatin9  *. 

FOCTNOTB  For  the  toilers  by  steaming  capacity  to  6.5  a/h. 
ENDFJOTHOTE. 

(19) .  IBine-chaiD /eaten ary  tucoace^. 

FOOTNOTE  s.  For  the  boilers  by  steaming  capacity  10-230  m/h. 
ENDFOOTNOTE. 

(20) .  Schists.  (21).  Heating  nith  spreader.  (22).  Wood 
vithdrawals/departures.  (23).  High-speed/high-velccity  heating  of 
TsKTI  system  of  Pomeractsev.  (24).  Finnish  heating  (with  inclined 
lattice/grid)  . 

Page  120. 

In  torch-  layer  heatings  and  beatings  with  the  manual 
throv/excess/overshoct  cf  chamber/camera  one  should  perform  opened. 

26.  In  the  case  of  supply  into  layer  heatings  cf  secondary  air 


quantity  of  it  must  cospese  d-ISc/c  of  necessary  for  combustion.  The 
exit  velocity  of  this  arc  icem  the  nozzles  should  be  assumed/talcen 
40-60  n/s.  For  torch-  layer  heatings  a  quantity  cf  secondary  air  can 
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be  increased  to  20>25o/c. 

E.  Heating  surfaces. 

q)  (xaneral  considerations. 

27.  Teaperature  of  stacii  gases  boiler  unit  should  be  selected 
froB  consideraticns  about  suffxciently  effective  use  of  heat  of 
fuel/propellant  with  relatively  lew  expetdituie  of  aetal  for 
construction  of  tailed  heating  surtaces.  This  teaperature  for  the 
powerful/thick  boilers  is  located  on  the  lower  level  than  for  the 
low-power  reactors. 

For  the  boilers  with  productivity  D>12  i/h  at  the  assigned 
values  of  the  teaperatures  of  teed  water  and  air  at  the  entrance  into 
the  air  heater  the  tea(€iature  ct  stack  gases  should  be  deterained, 
assuaing/taking  theraal  heads  at  the  cold  end  cf  the  econoaizer  about 
40-50®C  and  at  the  het  ecd  cf  the  cold  step/stage  of  air  heater  (or 
entire  air  heater  with  its  single-stage  layout)  about  30-40<’C. 

Teaperature  of  air  at  the  inlet  into  the  air  heater  for  the 
purpose  of  averting  chekiog  by  the  ashes  of  the  heating  surface  aust 
be  selected  to  the  apprexiaately  egual  teaperature  cf  the 
condensation  of  water  vapors,  which  corresponds  to  their  partial 
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pressure  in  the  gases. 

For  the  solid  fuels  to  this  ccnditicn  correspond  the  teaperature 
of  airs  at  the  inlet  :ctc  the  air  heater,  shckn  in  Table  13.  For 
these  teaperatures  and  tuo  assused  values  of  the  teaperature  of  feed 
water  are  calculated  at  xeccaaecded  values  indicated  abcve  of  therial 
heads  of  the  teaperature  cf  stack  gases,  alsc  given  in  Table  13. 

For  the  sulfurous  fuels/prcpellants  the  dewpoint  of  flue  gases 
considerably  exceeds  the  ceapexattre  cf  the  ccndensaticn  of 
pure/clean  water  vapors,  deteramed  on  their  partial  pressure  in  the 
gases,  since  in  this  case  cn  the  cold  surfaces  is  condensed  the 
solution  of  sulfuric  acid,  kith  the  given  ccntent  of  sulfur  in  fuel 
iv.’s^  2o/o/thcus.  kcal/kg,  teaperature  cf  the  dew  point  ccapcses 
120-150»C, 

Under  these  conditicas  the  pxctecticn  cf  air  heaters  frci  the 
gas  corrosion  by  an  increase  in  the  teaperature  of  the  wall  higher 
than  the  dew  point  wcula  lead  to  the  inadaissibly  high  teaperature  of 
outgoing  gases.  Therefore  feast  the  coabusticn  cf  sulfurous 
fuels/propellants  of  the  teaperature  of  air  at  inlet  into  the  air 
heater  and  stack  gases  is  reccaaen.>ed  tc  select  without  taklrg  into 
account  an  increase  in  tie  dewpcint.  Conseguertly, ^able  13  must  be 
used  also  for  the  sulfuicus  f ue Is/ p copellan t s  . 


AO-AOaS  A87 
UNCLASSIFXeO 


FOREieN  TECHNOLOeV  DXV  iRl«HT-PATTERSON  AFB  OH 
THERMAL  DESI6N  OF  BOILER  UNIT  (STANDARD  METHOD). (U) 
APR  80 

FTD-IO(RS)T-04il-80 
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For  warning/pre veTitlii<j  of  gas  corrosioa  cr  weakening  of  its 
haroful  conseguences  ir  this  case  should  be  taken  the  special 
■easures:  the  guarantee  cf  iignt  replaceeent  c€  the  corroded 
sections,  the  use/applicaticn  of  the  corrosicc  resistant  eaterials 
and  coatings,  the  use/ap^iicaticn  of  special  scheeatics  of  layout, 
which  prevent  nost  the  ccrrcsiveiy  dangerous  tee^eratures  of  wall, 
close  ones  to  the  dewpoint,  and  using  a  range  of  teiperatures  of  wall 
with  the  relatively  low  speed  of  corrosion  at  lower  teaperat uxes, 
use/application  of  special  cccstructicns/designs  cf  the 
series-connected  air  heaters,  etc. 

For  the  low-power  reactors  (0^12  a/h) ,  which  have  the  tailed 
heating  surfaces,  the  teiperatuie  cf  stack  gases  aust  start  by  higher 
than  the  values,  indicated  in  Table  14. 

28.  Preheating  air,  supplied  to  beating  during  chaaber 
coabustion,  is  recoaaended  in  liaits,  indicated  in^able  15. 

For  the  layer  heatirgs  of  boilers  by  steaaing  capacity  less  than 
12  a/h  preheating  air  is  not  regurred,  with  exception  of  the  cases 
when  work  on  cold  air  dees  not  ensure  stability  and  effectiveness  of 
the  burning  process  (sec  BN  5-03). 


«  ■  *  »  m  !r  . 
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^able  13. 


Temperatures  cf  stack  gases  and  air  at  the  entrance  into 


the  air  heater  fcr  the  tellers  eitn  D>12  a/h/ 


T5J- 


VI 


TeMoepaTypa 
•oaay»a  ea 
aaoiie  a  aoi* 
AyxMiojiorrc* 
MTCJU.  *C 


(tJCyxoe,  »'“»2 . 

pAjiaxtiioc,  .  . 

(^)CiijikHO  X*>2S 


30 

45-^55 

60-^65 


TcMneparypa  ytoaaiiuix 

rasoa.  *C 

W  BMCnitoe  Cpe jnee 

'  ;iaa.iieHne  r  aatMuHe 

<fn.s 


l20-i-l30  nO-S-120 

l40-i-IS0  l20-;-l30 


160-i-l70 


130-^140 


Key:  (1).  Fuel/propellant.  (2).  leaperature  cf  air  at  the  inlet  into 
air  heater*  °C.  (3).  Tesferature  cf  stack  gases,  (4).  High 

pressure.  (5).  Hean  pressure.  (6).  Dry.  (7).  Ccist.  (8).  Strongly 
Boist . 


Table  14.  Temperature  c£  stack  gases  for  the  tellers  with  0^12  a/h. 


Ton-sato 


TeHReparyM  yk> 
rjpoa*  *C 


pS  yr.HI  C  .... 

G?yr.iH  c  vy"-6-f.i6 .  ;  , 
[t/Aiaayr  ii  npHponHbtj^  ra9  . 

■  ^^rfTop<t> . 


160-r-IdO 

180-^200 

I60-i-l80 

190-^210 


Note.  The  upper  Units  relate  to  the  tellers  of  smaller  steaaing 
capacity  and  the  higher  temperatures  of  feed  aater. 


Key:  (1).  ruel.  (2).  Teaperature  or  ontgclng  gases.  (3).  Cartcn/coals 
CVifK 

r>  (4).  Petroleua  resides  and  natural  gas.  (5).  Feat. 


Page  121. 
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29.  9hen  during  chaitaer  ccnkustion  cf  f nels/propellants  «ith 
given  hunidity  >6''8  and  £chists  according  tc  drying  conditions  of 
fuel/propellant  is  not  required  bigh  preheating  c£  air  (for  exaaple, 
in  individual  extended  diagcaa  cf  pulverized  coal  preparation),  it  is 
expedient  to  limit  its  250-2'70<>C,  khich  vill  take  it  possible  to  use 
single-stage  layout  of  tailed  beating  surfaces. 


30.  Gas  velocities  accccding  to  conditiens  of  averting  drift  of 
heating  surfaces  start  kith  ncainal  load  not  telcv  6  a/s  for 
transversely  washed  beaas  and  not  below  E  n/s  for  tubular  air 
heaters. 


The  upper  velocity  limit  cf  gases  is  deternined  by  conditions  of 
ash  wear.  The  naximun  pecmissiole  gas  velocities  >  at  the  entrance 
into  the  first  on  the  action  of  gases  packet  cf  convective  aine/shaft 
(teaperature  of  gases  cf  *’600-700<’C)  with  the  ncainal  load  start  in 
accordance  with^able  16. 

FOOTNOTE  /.  The  speed  of  gases,  achieved  by  wear  conditions,  in 
the  case  when  the  diagonal  section  for  the  passage  of  gases  is 
smaller  than  transverse  (in  contrast  to  computed  speed  during 
calculation  of  heat  emission,  is  determined  by  the  diagonal 
section.  ENDPOOTNOTE. 

For  the  coal-dust  slag-tap  boilers,  and  also  for  the  boilers 
with  the  layer  heatings,  the  maximum  Permissible  gas  velocity  until 
further  refinement  of  the  data  about  the  fractional  composition  and 

the  coefficient  cf  the  abrasiveness  of  ashes  is  deternined 
approxiaately  by  the  aetbod  of  the  conversion  of  the  value  of  speed 
for  the  boilers  with  the  dry  slag  disposal  inversely  prcporticnal  to 
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root  cubic  from  the  relation  o£  the  values  c£  the  extension  c£  ashes 
from  the  heating. 

The  values  of  the  laxiaua  feriissible  speeds  fcr  the  boiler 
beans  of  the  nultidrua  tellers  cr  cld  cccstxuctions/designs  with  the 
pulverized-coal  coabustezs  should  be  deternined  according  to 
application/appendix  tc  the  circular  technical  instruction  HIS  No  T13 
"/Ihout  warning/prevect icc  of  eaergencies  with  the  boilers  because  cf 


danage  of  the  heating  surface  as  a  result  of  cinder  erosion",  but  in 
this  case  they  nust  not  exceed  values  indicated  in  Table  16. 
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lable  15. 


Teaperature  ct  prahaating  air. 


w 

^Jt)  Copv  c*ar««ofo  Toi»,ia#a 

tiaa  ve«iit»e* 
Type  ropa^M' 

•c 

Ill  Tohkh  c  cyxHM  uiJn.oyfltJieiiHeM 
npH  3aiiiKMyTO»  cxtue  cyuiKii  Ton.iHia 

ll^To  we 
©To  we 

(01  To  we,  aiijiiae**  niieeM«THeecxMe 
'VooKii  UKTH 

(t'lTonKH  C  WHSKHM  UI-HKOyAlJICHHeM, 

■  TOH  IHCJie  IIIIKAOtlHUe 
(^KlMCpHUe  TOOKH 

0To  we  , 

(SlK.-iMCHHue  yr.iM.  c.ieiiuu  ce»epo-»»nifl- 
Nwx  »iecTopo)icAeMHA  ii  apyriie  ron/iMM  c 

npilACACHIloA  B.iaiKHOCTblO  AO  B*/e 
tji  BOANCCKIte  C.TAN(tU 

/^>AHrpauHTOBwA  mthid  h  Toume  yr.iii 
l‘%}Syput  >TAii,  (^pescpHMA  Top(B  ii  Apyrne 
'Ton.iiwa  c  npiiBCAeHHoA  B.ia)itHOCTbN>  oo.ik- 
uie  8-ve 

|)A)He3a»H€MMO  OT  BiiAB  oKHneMoro  TOn.lHM 

f^Mssyr  h  npHpOAHyA  r» 

(^i’^AOMCMNwA  ro 

2S0-f-300 

.120-;-350 
180-r 420 
380-^-420 

380,4-420 

200-4-300 
250-.- 3sn 

Note.  The  recoeaendad  values  c£  the  teapcratures  of  preheating 
air,  supplied  to  the  lajcr  heatings,  are  shcvt  in  BN  5-03. 


Key:  (1).  Characteristic  of  heating.  (2).  Type  c£  burned 
fuel/propellant.  (3).  Eecoaaended  teaperature  cf  hot  air,  °C.  (4). 
Heatings  with  dry  slag  disposal  in  locked  diagraa  of  drying  cf 
fuel/propellant.  (5) .  Eituaiccus  ccal,  schists  cf  northwestern  layers 
and  other  fuels/propellants  with  given  huaidity  to  8o/o.  (6) .  Then. 
(7).  Volga  schists.  (8).  Anthracite  fines  and  lean  coal.  (9).  Then, 
including  pneuaatic  heatings  cf  XsKTI.  (10).  Ercwn  coal,  ailling  peat 
and  other  fuels/propellants  with  given  huaidity  are  aore  than  8o/o. 
(11).  Llguid-bath  furnaces,  including  cyclonic.  (12).  Independent  of 
fora  of  burned  f uel/prcpcllant.  (13).  Chaaber  furnaces.  (14). 
PetroleuB  residue  and  natural  gas.  (15).  Blast-furnace  gas. 
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^ble  16,  flaximui  pet«is£ibl«  gas  velocities  according  to  the 
conditions  for  cinder  eicsion. 


^ij  Co^  TOUIM 


[t)  noAMocxcailuA  yrojib 
ICJTo  xce 

K)  AHTpauMTOSbiA  uituA 

U^^AoncukhA  toiuhA 
(IflMcjiiAHHCKMA  yroak 
|'>3|KH3«aoiCKnA  yro.ik 


Cnoeod  CXI 


npcar.it.ito  aopy* 
eroMoo  oopocTO. 
C3)  ‘I"* 


(P  nuaeaHAiiuA,  inapoaue  OapaAaKiiue 
McabHHUU 

p/UlaxTMO-MeakNNMHaa  ronaa 
(V/riuaeaHANkiA,  uiapoaue  AapaSaHNwe 

MCAkHNUU 
^To  IKC 


10,0 

9.0 
10, S 

M,0 

10,0 

9.5 


Key:  (1).  Type  of  fuel/propaliant.  (2).  Ignition  nethod.  (3).  Haxiaua 
pernissible  speed,  b/s.  (4).  Hcsccu  carbcn/ccal.  (5).  Powdered,  ball 
rattlerSa  (6)  •  Then.  (7)  .  shaft'”  sill  heating.  (8)  .  Anthracite  fines. 
(9).  Powdered,  ball  rattlers.  (10).  Donets  eiaciated.  (11). 
Chelyabinsk  carbon/coal.  (12).  Kizelovskiy  carfccn/coal. 


Page  122. 

31,  Spacings  between  tubes  in  convective  surfaces  of  heating 
should  be  assumed/taker  in  accordance  with  litits,  indicated  in  Table 
17. 


Hecoaeendations  by  choice  cf  steps/pitches  for  the  air  heaters 
are  given  in  the  appropcjate  division. 


32.  To  tailed  surface  of  heating  low-pressure  toilers  by 
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steaaing  capacity  less  than  1i  n/ta  it  should  he  aade  by  that 
consisting  of  alenents  ci  feed-hater  econoeizer,  and  of  separate 
cases  of  elenents  of  air  heater. 

8ith  the  boiler  steaa  capacity  0^12  a/h  it  is  usually  expedient 
to  perform  "tail"  by  that  consisting  of  the  feed-water  economizer  and 
the  air  heater. 

(iith  the  nondeaeratcd  feed  water  for  the  tellers  with  the 
pressure  of  steam  to  22  Am  (gage)  icclusively  is  recenmended  the  using 
cf  cast  iron  ribbed  eccncmizecs.  The  start  cf  boiling  of  water  in  the 
cast  iron  feed-water  eccncmizecs  is  inadmissible.  The  maxinut 
temperature  of  the  heated  in  thee  water  must  be,  in  accordance  with 
boiler  code,  at  least  on  40'*C  celcw  boiling  point. 

In  the  boiler  icstallaticns  cf  small  power,  which  work  with  the 
frequent  stoppages  and  changes  cf  the  loads  ever  wide  limits,  is 
usually  expedient  installation  of  cast  iron  air  heaters. 

b)  %/ater  shields  and  boiler  heating  surfaces. 

33.  Spaclngs  betweec  tubes  for  screens  should  be  selected 
according  to  data  of^atle  18. 


3?’ 
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34.  Screens  of  uniicculai  ligcid-bath  fainaces  in  part,  which 
adjoins  hearth  of  first  chaabar/caaera  of  dual  chaaber  heatings,  and 
also  precoabustion  chaabars  cr  cyclonic  heatings  should  be  studded 
with  coating  with  theit  rirepiocf  aass. 

35.  For  guaranteeing  staadj  propellant  Ignition  with  saall 
/yield  of  volatile  cca^cnenrs  (antbracitas,  caxbcnaceous  coal,  and  in 
coapletely  slag  screened  fireboxes  of  boilers  with  0^75  a/h  and 
soaetimes  larger  productivity  *  lean  coal)  in  chaaber  furnaces  aust 
be  established/installed  igniting  belts/zones. 

36.  Varaed  pipes  cf  screens  and  convective  evaporative  surfaces 
of  heating  boilers  it  is  expedient  to  aake  with  inside  diaaeter  not 
■ore  than  50  aa. 

c)  S  uperheaters. 

37.  Diaaeter  of  pipes  cf  superheaters  can  been  selected  ever 
wide  liaits;  it  should  be  by  ^8-42  aa. 
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^abls  17.  Spaclngs  bet^eca  tubes. 


i^\)  lUitwefiauNM  noMpxNocra  j 

PacnoJioMeaM 

Tpr« 

1  tJ) 

1  lloneDeeHMt 

I  OTMoeerr^ib- 

Hua  ui«r  s,/d 

iW - 

ripoanjiwiwi 

1  OTMOTRTejIfc* 

1  Hua  war  iifd 

1 

(^it^cTOH  H  (t)ecTotiHpoaaHH’ui«  qacTM  KorejibHyx  ny«i- 
Kosi  M  ncperpcaare.icA . 

(5-2 

UlaxunHoe 

>4.5 

>3.5  , 

KoTCJifcMye  ny^iiH  m  iKuHOMiAaepu . ^ 

2.l>-i-3.0 

I.O-i-I.S' 

Key:  (1).  Designation  c£  sucface.  (2).  Bun  cf  pipes.  (3).  Transverse 
relative  step/pitch  S|/d.  (4).  Festoon  and  festooned  part  c£  toiler 
fceans^  and  heaters. 


FOOTKOTB  *.  In  boilers  by  steaaisg  capacity  5C  a/h  it  is  above  for 
the  part  of  the  lateral  screens*  to  the  adjacent  the  rear  wall  yes 
length  of  1.0- 1.5  ■*  one  should  assuae/take  relative  spacing  between 
tubes  s/d<1.3.  ESDFOCTSCIE. 

(5).  Chess.  (6).  Boiler  teass  and  econoaizers. 

FOOTNOTE  2.  Preference  should  be  returned  eguipass  teaas  with 
(Sf-d) -2  (s»2-d) ,  where  s'j  -  diagonal  spacer.  EHDPCOTNOTE. 


I 
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Table  l8.  Spacings  between  tubes  of  screens 


(lapeqpoaaiNiiuiTe.iMocTk 
KOT.ia 


i!L 


12-^110  Bi/Hoe 


110  tnfuac  H  Rbiuie 


I 


© 


HtifMevoMirM 


SRPAirOf 


•OTNOCMTeJIkNili 
{jJ  uiar  Tpyo  tfg 


1. ^OT^Ibl  e  KlMCpMUHII  TOnKSHH 

’})3^pxii  csojia,  (SoKosye  >  h  it)p0HT0B0A  axpaHy< 

’4JRce  rAaflKOTpy6HMe  HacTcaHue  axpaHu* 
l^ilnyxcseTiiue  h  uiHpuoaus  axpaHU 
iifUuiiiHus.iMKue  aiipauy 

( ai 

2.  Kot.iu  CO  c.ioeauMH  TonKaMH 


<1.3 

<l.8-i-2,0 

<1.25 

«-I.2 

<1.25 


ilo  10  tnlHoc  Bcc  )XpaHw  ronxH 

12  mjKat  H  Buuie(^  To  ** 


<2.5 

<2,0 


Key:  (1).  Boiler  steao  capacity*  (2).  Designaticn  of  screens.  (3). 
Relative  spacing  between  tubes.  (4).  m/h .  (5).  Boilers  with  chanber 
furnaces.  (6).  Rear  screen.  (7).  Screen  cf  arch/suanary ,  lateral  ^ 


and  front  screens  2. 


POCTNOTE  *.  In  boilers  by  stealing  capacity  5C  »/h  it  is  above  for 
the  part  of  the  lateral  screens  of  that  adjoining  the  rear  wall  at 
the  length  of  1.0-1. 5  i.  is  recciiended  to  assuie/take  relative 
spacing  between  tubes  s/d$1.3. 

2.  For  strongly  slagging  fuels/piopellants  spacing  between  tubes  of 
screens  of  arch/suoiary ,  frcct  and  lateral  should  be  decreased  to 
S/d^l.3-1.4.  EMDPOOTHO'IE. 

(8).  i/h  it  is  above.  (9).  All  plain-tube  wall  cf  shield  2. 


FOOTNOTE  2.  For  few  slagging  fuels/prope Hants  spacing  between  tubes 
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Of  screens  can  be  allowed  tc  s/d$2.  EliD?COTNClE. 

(10).  two-light  and  screen  screens.  (11).  studded  screens.  (12). 
Boilers  with  layer  heatings. 

Page  123. 

When  selecting  of  diameter  and  number  of  pipes  cf  superheaters  it  is 
necessary  to  ensure  Baiiially  possible  speeds  pair  in  those  sections 
of  the  superheater,  where  the  safety  factors  are  minimum,  i. e.,  where 
the  temperatures  of  the  wall  of  pipes,  checked  using  the  indications 
cf  /Ippendix  IV,  it  is  meet  close  tc  the  Baximum  permissible 
temperatures  for  this  metal.  In  this  case  the  hydraulic  resistance  cf 
superheater  (from  the  cutput/yield  pair  free  the  boiler  barrel  to  the 
main  steam  cutoff  de vice/eguipmect  inclusively)  must  not  exceed  10o/o 
cf  operating  pressure  pair. 

38.  For  guaranteeing  reliable  work  cf  superheaters  with 
temperature  of  superheated  steal  of  500<>C  or  above  is  compulsory 

division  of  superheater  into  series-connected  (on  pair)  parts  with 

0 

not  less  than  by  two-fcld  nixing  pair  in  gaps/intervals  between  then. 
For  overcoming  of  the  aftereffects  of  gas  misalignment  should  be  alsc 
produced  the  transfer  pair  of  ore  part  of  the  flue  to  another,  nixing 
pair  can  be  produced  with  the  aid  cf  the  mixing 
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collectors/teceptacles  iiitii  the  end  hearth  cr  by  outlet,  in 
spray-type  attemperator,  etc.  At  temperature  cf 

overheating/superheatlrg  450-5hC<’C  is  also  desirable  the  mixing  pair. 

39.  At  average/mean  and  ice  pressures,  ard  also  usually  in 
radiation  high-pressure  superheaters  to  avoid  ncnunifcrm  distribution 
pair  according  to  in  parallel  included  coils  is  recommended  the 
making  of  supply  pair  by  run  of  pipes  of  small  diameter  all  over 
length  of  giving  out  ccllector/receptacle.  The  use/applicaticn  of  a 
diagram  P  is  not  recommended,  and  diagrams  Z  is  not  allowed/assumed. 

40.  Boilers,  which  have  regulation  cf  c verheating/superbeating, 
must  ensure  nominal  temperature  cf  superheated  steam  with  steaming 
capacities  75-100c/o  c£  rominal. 

41.  For  guaranteeing  of  relidbility  and  improvement  in 
self- regulation  of  heater  it  is  expedient  at  temperature  of 
superheated  steam  of  5CC®C  cr  to  above  use  two-step  regulation  of 
overheating/superheating.  As  the  second  step/stage  should  be  used 
spray-types  attemperatcr. 

42.  For  regulating  cverteating/superheating  in  bcilers  cf  mean 
pressure  it  is  possible  tc  use  surface/skin  steam  ccclers,  placed  in 
collectors/receptacles  cf  saturated  steam  or  intermediate.  However, 
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in  this  case  the  use/apilicaticn  oi  spray-types  atteapecator  has 
advantages,  since  it  iapzoves  the  condition  fer  autoaatic  regulation. 

During  the  setting  up  o£  suz£ace/skin  steaa  coders  the  feed 
water,  which  goes  through  toe  steaa  cooler,  should  he  returned  to  the 
feeder  line  to  the  ecoEcaizec. 

43.  Surface  of  heating  superneater  during  calculation  of  boiler 
aggregate/unit  without  cctary  burners  for  noainal  load  is  deterained 
taking  into  account  heat  absczpticc  in  steaa  cooler,  equal  to  10-20 
kcal/kg  pair.  Lower  liait  is  shown  for  the  superheaters  the  part  of 
surface  of  which  is  placed  in  the  beating,  ct,  for  the  case  of 
positicning/arranging  the  entire  surface  after  the  festoon,  the 
working  at  teaperature  gases  at  the  entrance  it  is  higher  10C0°C.  The 
upper  liait  is  shown  fci  the  purely  convective  superheaters,  which 
work  at  teaperature  cf  gases  at  the  entrance  cf  lower  than  9C0‘’C. 

Steaa  cooler  relies  on  heat  abstraction  cf  apprcxiaately  25-30 
kcal/kg  pair  under  standard  conditions.  Circuit  diagraa  and 
construction/design  of  steaa  coder  aust  provide  the  possibility  of  a 
peak  increase  in  the  heat  reaeval  to  50-60  kcal/kg  pair. 


^  iconoaizers 
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44.  Outside  diaaetci  of  pipes  of  steel  ecoooeizer  is  reccaaended 
in  liaits  of  28-38  aa.  lie  use/applicaticn  cf  pipes  of  saallec 
diaaeter  is  acre  expedient. 

45.  Hith  0-shaped  layout  coils  of  econcaizez  should  be 
acranged/locatad  in  parallel  tact  ball  of  bcilec.  In  this  case  the 
intensive  wear,  caused  ty  an  increase  in  ashes  concentration  on 
external  generatrix  cf  rctaticn.  undergo  not  all  coils,  but  only 
adjacent  to  the  external  wall  aines/shaf ts. 

The  transverse  location  ct  coils  is  allcwed/assuaed  during  the 
coabustion  of  liquid  and  gaseous  fuels,  and  also  during  the 
use/application  of  heatings  with  the  high  ccelficient  of  slag 
skiaaing. 

46.  Distance  between  adjacent  steps/stages  of  econoalzez  and  air 
'leater  should  be  not  less  tnac  6C0  aa  for  gcaianteeing  possibility  of 
inspection  and  surface  cleaning  of  heating. 

Between  the  separate  packets  of  the  colls  of  the  econoaizers  of 
the  boilers  of  average/eean  and  large  power  acst  be  provided  for  the 
breaks/ruptures  in  height  net  less  than  550-6C0  aa.  The  height  of 
packet  Bust  be  not  acre  than  1  a  with  close  run  of  pipes  (S2/d(1.5) 
and  not  acre  than  1.5  a  during  the  rare  location. 
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Breaks/ruptures  in  tai^bt  cot  less  than  550-600  aa  aust  be 
provided  for  also  between  groups  ct  the  cast-iccn  pipes  of 
econoaizec.  In  each  gccup  is  desirable  to  have  net  aore  than  eight  - 
ten  rows  on  the  height. 

47.  Hith  layout  of  econcaizer  ’'into  splitting"  froa  air  heater 
for  guarantee  is  possible  scalier  exapnsicn  cf  teaperatures  cf  water 
cn  separate  coils  is  reccaaended  the  achieving  cf  its 
full/total/coaplete  aixieg  with  transfer  frea  first  stage  of 
econoaizer  to  upper. 

48.  Speed  of  water  in  steel  "nonboiling"  econoaizers  or 
"nonboiling"  part  of  "telling"  eccroaizeis  acst  not  be  less  than  0.3 
a/s  with  nominal  load  ct  boiler.  lo  the  "boiling"  part  cf  the 
"boiling"  econoaizers  tc  avoid  cverheating/superheating  pipes  with 
the  stratification  of  steaa-water  fixture  the  speed  of  water  aust  not 
be  less  than  1.0  a/s.  Ic  this  case  the  isolation/ liberation  cf  part 
froa  the  increased  by  speed  water  is  produced  sc  that  the 
underheating  up  to  the  belling  io  the  beginnieg  cf  it  would  be  not 
less  than  40®C. 

For  maintaining  sutfreient  speeds  of  water  it  is  possible  to  use 
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serpentine  steel  econonizexs  Hitt  the  bends  ic  several  planes  instead 
of  the  usual  simple  coils  nith  the  bends  in  ere  (vertical)  plane. 

Page  124. 

I 

49.  When  selecting  cf  diameter  and  number  of  pipes  of  eccnomizer 
it  is  necessary  to  ensure  value  c£  hydraulic  resistance  of  economizer 
for  boilers  high  (ly) -that  of  pressure  not  acre  than  5o/o  and  for 
boilers  of  mean  pressure  not  acre  than  8o/o  pressure  in  boiler 
barrel. 

^  k.  r  heaters. 

50.  Tubular  air  heaters  shculd  be  made  fres  pipes  with  a  outside 
diameter  of  40-51  mm  in  thicicaess  cf  Hall  1.5  mm.  The  use/applicaticn 
of  pipes  in  outside  diameter  less  than  4C  mm  is  heat-technically 
expedient^  but  yet  was  ret  obtained  sufficiently  wide  operaticnal 
checking.  Is  reccmmendcc  chess  run  of  pipes. 

For  decreasing  the  overall  sizes  it  is  expedient  clearances 
between  the  pipes  of  air  heater  in  the  diagonal  direction  to  make 
with  minimum  ones.  Accerding  tc  the  conditions  cf  technology 
minimally  permissible  cap  length  is  apprcximately/ezemplarily  10  an. 
The  transverse  pitch  of  pipes  is  selected  fret  the  conditions  of 
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cross-section  eqiiallty  fcr  the  passage  of  air  in  the  transverse  and 
diagonal  directions. 

51.  Are  reconnended  rclloHing  exenplary/approxisate 
relationships/ratios  of  air  speeds  and  gases: 

for  tubular  air  heaters  ... 

for  ribbed-  toothed  of  air  heaters  ... 

for  laaellar  and  ribbed  air  heaters  ... 

EXEnPLABY/APPROXlHATE  IhEBHAt  tlSlGH  CP  EOllEB  AGGHEGATE/OMIT. 

Exenplary/approxisate  thecsal  design  is  given  for  the  purpose  of 
showing,  as  should  be  used  the  laterials  of  standards,  and  tc 
illustrate  the  order  of  pertcxKaoce  of  calculation.  For  this  is 
selected  check  calculation  as  is  acre  cosplicated. 

For  fulfilling  the  calculation  is  accepted  a  contemporary  Soviet 
boiler  aggregate/unit  cf  the  type  EK-10,  they  are  represented  in  Fig. 
14. 

Task. 
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Eoilec  steam  capacity  (Mcainal)  ...  D=230  a/h. 

Pressure  of  steam  at  the  output  frca  the  superheater  (after  steaa 
turbine  throttle)  ...  ^„-ioi  atK(ats. ). 

Pressure  in  the  boiler  barrel  ata(abs.). 

Temperature  of  superheated  steaa  /..-sio*c. 

Temperature  of  feed  Hater  v.-z's'c. 

Percentage  of  scavengicg  ...  (f.,=*uyf 

Puel/propellant  *  Hithdcanals/departures  of  the  enrichment  of 
carbon/coals  of  the  donets  pend  of  brand  PPR. 

Systea  is  dust-prepared  -  ShEH,  locked  diagraa  cf  drying. 

STROCTOBAL/DBSIGN  CHARflClBBISllCS  CF  AGGPEGATE/OIilT. 

od  Furnace  chaaber/cameta  (Fig.  ISa)  . 
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Surface  of  the  wali£  of  the  furnace  chaafer/caaera: 


Side  wall 

f,  -  7.600- 1 1.V35  =  85.5  V; 

0.94  -  6.95-: 

yr,  «  p.3  +  O-l  ^  Q  26  — . 

f.-.-W-’- 

Prcnt  wall  (with  the  ceiling  and  the  adjacent  part  of  the  cold 
funnel) 


/'em.p  -  9.785  (2.2t0  +  2.705  +  12.175  +  7.20)  — 

—  238 

Bear  wall  (with  the  adjacent  part  cf  the  cold  funnel) 

^em.  I  =•  <2-2S®  +  2.705+  1 1,235)  -158—. 


Bote.  Linear  diaensiens  start  with  an  accuracy  tc  1  aa,  if  they  are 
shown  on  the  drawing.  The  sizes/diaensions,  net  indicated  on  the 
drawing,  but  deterained  cn  the  scale  or  the  calculaticns,  start  with 
an  accuracy  to  within  tvc-cne  signs  after  cciia. 


Festoon 


-  9.785  5.34  -  57,1  — . 


Sunaary  surface  of  the  halls  of  the  furnace  ckaaber/caaera 

^fifl  *  ^^cm.  6  ^em.  0  +  ^em.  J  ^ 

.  -  2- 123.7  +  238 +158  +  57.1 -700— . 

Not  shielded  of  surface  it  is  net,  occupied  with  burners, 

f^^9-. 

Surface  of  walls  cf  heatrnc,  closed  with  screens, 

^  .-ff,  *  7C0  —  57, 1  — .  9  — 

—  631  — . 


...  -  J— _  -  -  - - - - - 
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Dianetec  and  spacing  between  tubes  of  all  screens  are  identical 
Therefore  the  beata^recei viny  surface  of  screers  is  calculated 
together  froe  one  value  cf  angular  coefficient. 

Diaeeter  of  screen  pipes  ds76  aa. 

Spacing  between  tubes  s-9S  aa. 
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Fig.  14.  longitailnal  sccxxoo  ot  teller  FK-10  (to 

exeeplary/approxiaate  theraal  design)  . 

Key:  (1)  Brickwork  clearance. 
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Page  126.>>Relative  distatce  of  fipes  froa  the  wall 


•  57,5 


Angular  coefficient  x^Q.SS  (cn  RM  6-02)  . 


Beaa-receiving  surface  cf  the  screens 

•  634  -  620  -*. 

Beaa-receiviog  surface  of  the  festccn 

1.0-57.1  -57.1  Ji». 

Suaaary  beaa-ceceiving  surface  cf  the  heating 

/f^— 620-1-  57.1  -677  jii. 


Degree  of  the  screening  cf  tfce  heating 


H,  677 


Voluae  of  furnace  chaaker/caaera  (work  of  the  area  cf  lateral  wall  to 
the  width  of  heating) 

“  I:3.7-9,785  —  I  210  *». 


b)  festoon  (Fig.  15b). 


Diaaeter  of  pipes  76x6  aa.  Bun  of  pipes  -  chess. 


Spacings  between  tubes  Si^igo  aa;  Ss^SCC  aa. 


Nuaber  of  revs  on  the  ictrco  cf  gases  22=4 


OOC  -  30041106 


flfunbec  of  pipes  in  the  first  and  third  revs  -  on  26,  the 
secondly  and  the  fourth  cn  25.  length  of  pipes:  first  row  6.9, 
second  -  5.7,  the  third  -  o.O  the  fourth  -  6.1  m. 


Surface  of  heating  the  festcen 

—  (26-6.0  +  25-5.7  -f  26-6,0  +  2S?6.I)  •'5.M  X 
X  0.076  -  ISO  Ji». 

Sections  fer  the  passage  of  the  gases: 

r  —  6.0-0.9(10—  a -5.6 -0.076  ~  46.3  ii*; 

F"  -  5.6-9.900  —  25-4.9-0.076  — mI. 

In  view  of  the  insignificant  (iifference  between  F*  and  F* 


calculated  clear  opening  is  defined  as  mean  aiithnetic 


.  4«3  +  46.2 

- S - -47.2  *«. 


the 
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PI9.  IS.  Oiagraa  of  gas  coadults  at  boiler  FK-10  a)  the  furnace 
chanber/canera ;  b)  festccn  and  superheater;  c)  the  diagrao  of  the 
superheater:  d)  econcoizer  (second  step/stage). 


Key:  (1).  entrance  of  steam  .  (1).  entracce  of  uatec.  (3).  tc. 


Page  127. 


Belative  spacings  between  tubes: 
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longitudinal  i>-r^-3.9s. 

Average/aean  effective  tfaicKnesa  of  cadiaticn  layer 

*  -  ^2.82  -  I0,6 j  •  d=> 

-  (2.82 {5.00‘+ 3,95)— 10.610.076=  l.ll  m. 

Angular  coefficient  of  the  row  of  festocn  without  talcing  into 
account  the  radiation/eiissicn  cf  rrickvicrlc 


Angular  coefficient  of  the  festocn 

=  0.746. 

Beaa-receiving  surface  cf  the  teaa  of  the  festocn 

W.  •  ”  0.746  57,1  -  42.6  *». 


Q)  ^perheat  er  (Fig.  15t  and  c> . 


Superheater  consists  cf  twe  consecutively/serially  (on  the 
gases)  arranged/located  [arts  acd  has  the  ccipound  circuit  of  steaa 
flow. 


The  saturated  steaa  frea  the  drua  is  sent  for  the  steaa  cooler 
along  103  ceiling  warned  pipes  ...  42x5  mm.  which  close  ceiling  all 
over  length  of  superheater  in  the  gaps/inter vals  between  the  coils. 
Frca  steaa  cooler  the  vapor  is  ahstracted/re ac ved  by  twe  runs  of 
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pipes  3UXOJU.  along  1C4  pipes  in  the  row;  these  pipes  partially 
overlap  the  ceiling  cf  rotary  cbaater/cacera  and  then  they  directly 
pass  into  the  coils  firstly  on  tne  motion  of  steam  on  the  part  of  the 
superheater,  steam  in  this  part  moves  always  ccontercurrent  with 
respect  to  the  gases. 

The  coils  of  first  steam  stage  of  superheater  are  introduced 
into  the  intermediate  cc llectcr/receptac le.  Frcm  this 
collector/receptacle  of  steam  with  ten  tines  overflew  pipes  is 
supplied  into  the  inlet  effuscr  cf  second  steam  stage.  For  more 
uniform  distribution  cf  temperatures  cf  steal  cn  the  ceils  it  with 
the  bypass  is  redistributed  along  the  sides  and  in  the  width  cf  the 
flue:  steam  from  the  middle  part  of  the  left  half  flue  it  is  supplied 
into  the  extreme  part  cf  the  right  half,  and  vice  versa. 

The  first  on  the  metroo  cf  gases  part  cf  the  superheater 
consists  of  two  consecutively/serially  (cn  steam)  included  parts: 
first,  that  consists  of  two  extreme  sections  cn  28  dual  coils  of 
each,  and  the  secondly,  cverage,  section  of  48  dual  ceils.  Circuit 
diagram  with  respect  tc  the  gas  flew  for  all  three  sections  is 
identical:  steam  enters  the  latter  on  the  motion  it  is  single  dual 
run  of  pipes,  are  sunk  downward  and  it  passes  into  the  first  on  the 
notion  of  gases  four  runs  of  pipes.  Further  steam  moves  with 
unidirectional  flow  with  respect  tc  the  gases. 
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The  diagraa  of  nutcai  flow  direction  of  steaa  also  of  gases  both 
parts  of  the  superheater  does  act  aalce  it  possible  to  calculate 
thermal  head  for  entire  superheater  as  a  ebcle,  if  it  fails  condition 
(7-63)  about  the  relaticosnip/ratic  of  the  values  of  thermal  head, 
calculated  for  pure/clean  anti-  and  unidirectional  flow. 

In  the  case  of  separate  calculation  the  first  according  to  the 
notion  of  gases  part  is  calculated  as  heat  exchanger  with  an  in 
parallel-nixed  current  aith  twc  motions  cf  sultipass  medium,  moreover 
both  motions  with  the  uc idirecticnal  flow  with  respect  to  the 
single-pass  medium  (see  curve  1  cf  nomogram  XIV).  The  adoption  of 
this  diagram  is  admissible  because  ratio  between  areas  cf  top  and 
bottom  wings  of  both  ncticns  cn  steam  (both  extreme  sections  should 
be  considered  as  one  ncticn  with  respect  to  steam)  (2*23/48)  =  1.  17<  1. 5 
(see  Section  7-63) ;  the  fracticn/pcrtion  of  heat  absorption,  which 
falls  to  last  on  the  action  of  gases  dual  run  of  pipes  (which  on  the 
location  does  not  correspond  to  the  diagram  cf  unidirectional  flow), 
it  is  small,  and  this  deviatico  frcn  the  diagram  accepted  is  not 
considered. 


The  second  on  the  iction  of  gases  part  cf  the  superheater  is 
countercurrent.  In  view  cf  the  fact  that  the  heat  absorption  cf  steam 
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cooler  Is  great  in  relation  to  the  heat  absorption  of  this  part  of 
the  superheater,  should  be  expeoted  the  nonf olfillaent  of  condition 
(7-32) ,  in  this  case  it  is  necessary  to  separately  deteraine  theraal 
heads  of  the  sections  ct  evaporation  and  overheating/superheating. 

Without  depending  on  that  now  is  daterained  theraal  head  (for 
entire  superheater  as  a  wnoie  or  for  each  part  separately)  ,  the 
coefficient  of  heat  transfer  one  should  calculate  fcr  entice 
superheater  as  a  whole.  Therefore,  besides  the  structural/design 
characteristics  of  each  part,  ace  calculated  the  suaaary  and  averaged 
characteristics  for  entire  superheater. 

Second  (course  of  steal)  step/stage  of  superheater. 

Diaoeter  of  pipes  ^  Bun  of  pipes  corridor,  with 
exception  of  those  chess  arranged/ located  rarefied  of  the  second  - 
the  fourth  of  the  rows  (first  cow  with  the  steep  pitch  works  equally 
with  the  corridor  and  staggered  arrangeients) .  Since  the  share  of  the 
surface  of  heating  these  cows  in  the  total  surface  of  heating  entire 
superheater  (second  on  the  icticn  of  gases  part  also  with  in-line 
position  of  pipes)  is  insignificant  ( lOo/o) ,  for  the  calculation  it 
starts  that  all  pipes  are  axraoged/located  corridor. 


The  surface  of  heating  first  four'  rarefied  runs  of  pipes  (length 
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of  each  of  first  two  rcks  6.3,  each  of  second  two  6.1  ■;  since  ceils 
partially  they  go  in  the  overlap  of  ceiling,  their  length  it  is 
aeasared  to  the  axis  of  ceiling  pipes) 

//,»  104(6.3 +b.l)3.M  0.042  •  I70.«>. 

Surface  of  heating  the  fcllcwing  feur  rovs  with  the  increased 
steps/pitches  only  along  the  flew  cf  gases  (soneary  length  of  first 
and  fourth  rows  't. iv“2-5.6-f-3.i4.o.iso  -f 0.210 .•  11.041;  the  sane  of  second  and  third 

ro  WS  'll.  Ml  “  2-5.6  +  3.14-0.085  =  II.S-Ji) 


//,«  l04(ll,9-{-  11.5)3.14.0.042  -  321  nf. 
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Page  128. 


Surface  of  heating  reaainicg  oonracefied  runs  cf  pipes  of  the 
first  on  the  course  cf  gases  part  £  total  length 
1=4 *5. 1>2 *6. 5*3, 14 (0.07 5 ♦0. 130) =34.0  a] 

//,  -  104 -34,0'3.M -0.042  .1  4G6 

Full/total/coaplete  surface  cf  heating  the  coils  of  the  secccd  on  the 
course  of  steaa  of  the  part 

''ll—  "i  +  -4-  —  170  +  321  -t-  liW  — 057  V. 


The  surface  of  heating  the  ceiling  ducts,  which  pass  in  the  liaits  of 
this  part  (length  of  docts  is  deterained  frca  the  beginning  cf  the 
waraed  part  to  the  aiddie  cf  the  gap/interval  between  both  parts  of 
the  superheater;  the  heatrng  surface  is  designed  froa  the 
semicircuaference  of  dccts)  , 


Since  the  surface  cf  heating  these  ducts  is  less  than  4o/o  basic 
heating  surface,  it  is  iccluded  in  the  surface  consecutively/serially 
cn  of  vapcr  of  connected  with  these  ducts  (by  the  first  on  the  course 
of  vapor)  part  of  the  superheater. 
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Sectlon/cut  for  the  pass  at  gases  in  the  rarefied  in  the  width 
part  (in  view  of  the  insignificaat  difference  in  the  heights  cf 
section/cut  at  the  eotracce  into  the  rarefied  part  and  the 
cutput/yield  froe  it  caiculatice  it  is  carried  out  through  eediua 
altitude) 

9.900  -  52  0.012-5.4  -  57,5  V. 

Section/cut  for  the  pass  of  gases  in  the  reeaining  part 

6.5  .VI 

fz  — - 5 - 9.900  —  104-0, 042-5,5  —  34,4  mZ. 

Spacing  between  tubes  is  the  width  of  the  bciler: 

rarefied  in  the  width  part 

of  basic  part  t,.,-96^. 

The  longitudinal  pitch  cf  the  ducts: 

r  a  re  f  led  pa  rt  1  ro  mm-. 

cf  nonrarefied  part 

First  (on  the  ccurse  of  vapor)  stage  c£  superheater. 
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Surface  of  heating  stef/stage  (total  length  of  ceils) 

-  4-4.0  4-3.65  +  2-3.20 2.3.1.S  -i-  4-2,95  + 

.  10  +  2-0.5 

+ - ■} - (0.07.5  4-0.130)3.14  —  58.6  « 


Q 


//,  —  104-S  ..6-3.l4.0,03.!  —  729 

surface  of  heating  the  ceiling  ducts,  which  pass  in  the  lieits  of 


this  part  before  and  after  steae  cooler,  switching  cn  the  ducts, 
which  close  the  ceiling  cf  rotary  chaaber/caeera, 

3.14-0.04.-4,6  3.14  0,018-2.4 

- j - -104 - - - 


—  4|i 


Since  ducts  are  connected  loth  on  the  vapor  and  cn  the  gases 
consecutlvely/serially  ct  first  stage  of  superheater  and  the  surface 
cf  their  heating  is  less  than  ICo/o  h,.  they  directly  are  switched  cn 
in  the  surface  of  heating  tnls  step/stage. 


Section/cut  fer  the  pass  of  gases  (also  it  is  designed  according 
to  the  average  data) 

4.54  -I-  3.-’5 

- j 9.900— I04-0,038-3J— 24,6*«. 

Spacing  between  tubes  in  the  width  of  bcilei  St=95  aw; 


spacing  between  tubes  in  the  depth  of  step/stage  82=1250/15=63  an. 

Structural/design  characteristics  cf  superheater  as  a  whole. 

Calculated  surface  c£  heating  second  on  steas  step/stage  H^^  =957 

■  2. 
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Then  of  first  on  steaa  sta<je 

«,  =  729  +  46  +  22  -  797  m*. 

Then  of  entire  superheater 

—  957  +  797  —  I  754  ««. 


Calculated  cross-sectico  ter  the  pass  c£  gases  [see  foraula 
(7-22)  ] 


957  +  729 


170  321  +  466  729 

all  +5r6 


-30,4 


57.5 


The  calculated  diaaetec  cr  ducts  io  view  of  its  snail  difference  for 
both  steps/stages  is  received  as  the  average:  d=40 


Sun  of  pipes  -  corcidoc,,  nuaber  of  runs  cf  pipes  -  26. 


Calculated  spacings  between  tubes  [  see  fccaula  (7-30)  ] 

190- 170  +  95  (321 +466+729)  „ 

- - 957  +  729 - 

I70JHD  +  371)  +  75- 466  +  83-729 
•J--/.”  •  yor+729  “ 

mm  106  MM, 

Efficient  thickness  of  cadiation  layer  within  the  liaits  cf  the  tube 
banks 

.<  -  ^1.87  -  4,l)0.040  -  0.231  *. 


Conputed  value  of  efficient  thickness  of  radiating  layer  is 
deternined  with  the  radiaticn  correction  of  the  gas  veluaes  [see 
fornula  (7-51)  ]. 
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Is  considered  the  cadJLatioo/eaisslon  of  two  volaees:  before  the 
superheater  with  a  depth  of  (average  cn  the  height  c£  coll 

size)  ,  also*  between  bctb  ste^s/stages  Ge neral/connon/total 

depth  of  tube  banks  cf  beta  steps/stages  of  the  superheater 


i 


I  =  1.73  +  1.25  —  2,fle  M-, 
2.98  +  0.';  (1.0 +  0.8) 

2,98  * 


0,301  ». 


Sections/cuts  for  the  pass  cf  vapcc: 


first  on  the  vapor  stage 

I,  -  2(18'0,O29»*0,78S  ••  0,137  V; 

the  extreae  bundles  of  the  second  cn  the  vaper  step/stage 

tt,  —  ll2-0.032*-0,78S  0,090  V; 

the  average/aean  bundle  cf  the  second  on  the  vapor  step/stage 

/j,  «  96.0,032*-0,785=0,077  *». 


Page  129. 

Calculated  clear  openiig  for  the  pass  of  vaper 

,  _ 057  +  797 _ 

”  797  n  2  957  ^  957  ” 

0  137  +  208  0,09U  +  2U8  ol^ 

«>  0.102  m‘. 

d)  Xhe  second  (on  the  course  cf  water)  step/stage  of  eccnonizer 
(Pig,  15e). 

Olaaeter  of  ducts  18X4.3  as,  run  of  pipes  -  checkered. 
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The  heating  surface  is  datereined  taking  into  account  the  fact 
that  the  part  of  the  length  of  ceils  is  closed  with  antiwear  sheets. 
In  this  case  it  is  accepted  that  in  the  heat  exchange  participates 
only  the  half  the  surface  of  beatieg  the  clcsed  sections. 

The  overall  length  cf  ceils  in  the  liaits  cf  the  flue 

l  —  4, 700-  to  +  4.675.4  +  3.14  (0.075- 1 1  + 

+  0.700.2)  +  2.0.125  +  0.425  -  69.6  m. 

Lengths  of  the  sections  cf  ceils*  closed  Hith  anti-wear  sheets* 

3.14  (0.'"5. 1 1  +  0.100.2)  +  0,010. 14  + 

4-  0,020- 12  4-  0,425  —  4,02  *. 

Calculated  surface  of  beating  the  step/stage 

W-  (60,6  —  y)  ^2.3.14  0,038 . 952  J«». 

Section/cut  for  the  pass  of  gases  is  also  determined  taking  into 
acccunt  the  coverage  of  tne  pact  cf  the  length  cf  flue  by  antiwear 
sheets.  The  calculated  length  of  flue  is  accepted  avecage/aean 
between  the  length  of  free  fcca  the  sheets  pact  and  entire  length  of 
flue. 


Calculated  cross-secticn  fee  the  pass  cf  the  gases 


'F  . 


.(9,900  — 


0,270  +2.0.116 


+2.0.116  \ 

■2 - 1  3,140  — 

.59 


—  2.4,670.0,038 -j-  -  19,8  *». 


Spacings 


between  tubes: 

>t 

j,  a  105  mm:  2f' 


105 

38 


»2  7^ 

d  3u 


2,77: 

1,97. 


ij  —  75  mm; 
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Number  run  of  pipes  cn  tha  coarse  c£  gases  -  28. 


Efficient  thickness  ot  radiation  layer  uithin  the  limits  of  the 
beam  itself 


t  -  (1 .87  P.77  +  1,97)  —  4.1  J  0.038  —  0,181 


Computed  value  of  the  eiiicieat  thickness  of  radiation  layer  vith  the 
radiation  correction  of  the  ictary  chamber/caeera  with  a  height  of 
3. 1  a  [see  formula  (7.51)] 


,  2.02  +  0.2-3.1 

*  -  <*•'*'  -  -  ^ - 0.236  Ji«. 


where  2.02  a  the  height  c£  the  tube  bank  of  economizer. 


Section/cut  for  the  pass  of  water  (with  118  parallel  connected 
colls) 

f  -m  1I8.0.785.0.029*  •»  0.0779  mK 

e)  air  preheater  (eacn  of  the  steps/stages). 


Two-pass  by  the  air.  Diameter  of  ducts  51X1.5  am.  run  of  pipes  - 
checkered.  It  consists  of  eigat  sections.  Cuaotities  of  the  ducts 

1-8(16.28+  M-26)  —  6«72. 

Surface  of  heating  air  preoeater  (at  the  washed  by  air  length  of 
ducts  1=5.552  a) 


tf-3.l4.0.0495.5,K2.8  272  —  5420  ■*. 


I 


1 

i 

i 

! 
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Section/cut  £or  the  pass  at  the  gases 

f  -  0.785-0.0««-6  272  —  1 1,3  Ji«. 

Section/cut  for  the  pass  at  the  air 

/  -2^4.956  —  4-y *0,051  —3*0.06)  2,772  • 

-  lai  ii*.  ' 

Spacings  between  tubes: 

—  80  jui;  —  1..57: 

*,  55  MJK  —  1,08. 

A  number  of  runs  of  pipes  cn  tne  ccurse  cf  air  (for  calculation 
are  considered  the  series/rcws  cnl^  of  ore  course) 

ZI-S5. 

f)  first  (on  the  course  c£  water)  stage  cf  economizer. 

Diameter  of  ducts  38X4.5  ai,  run  of  pipes  -  checkered. 
Arrangement  and  sizes/diaensicns  c£  antiwear  sheets  the  sane  as  in 
the  second  step/stage.  The  deter miration  of  the  surface  of  heating 
and  section/cut  for  the  pass  cf  gases  is  conducted  with  the  same 
assumptions. 

The  overall  length  cf  coils  io  the  limits  cf  the  flue 

<- 4,!)00- 18  +  4,875- 10  +  3,1 4  (0.075*22  + 

+  0,100-5)  +  2*0,125  +  2*0,425  >  145 

Length  of  the  sections  cf  ceils,  closed  with  antiwear  sheets, 

‘jMf  “  3.14  (0,075*22  -i  0,100-5)  +  2-0,425  -|- 
+  0.0)0-28  +  0.020-26  —  8,40  m. 

Calculated  surface  of  heating  the  step/stage 

145  —  *)  3.14-0.038- 2- 51  -  1  720 


H 
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Calculated  cross-secticc  £cc  the  fass  of  the  gases 

_  /  0,?70  +  2.0,116  \  „ 

F  —  ^10,300  — - 5 - '  2.720  — 


Spaclngs  between  tubes: 


—  2.4.870.0,038  4r  —  18.0  ««. 


i-IOSjiji; 


.  _  7S  25 


Page  130. 

Nuabec  of  runs  of  pipes  cn  the  ccuise  of  gases  -  56. 

Efficient  thicicness  of  ladiaticn  layer 

»  -  11.87  (2.77  +  1.97)  _  4,1  J  0.038  =.  0,181  ii. 

Section/cut  for  the  pass  of  water  (with  102  in  parallel  connected 
coils) 


I  -  102.0;785.0.029»  —  0,0673  *». 


Fuel/ propellant. 


Hithdrawals/departures  cf  the  eorichaent  of  carbcn/coals,  brand  ppn 


Calculated  propellant  ccipcsitico  (see 2-01): 
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(I'l  Biitri  IT'  -  11.0% 

(a  3o.ir  4' -40.1% 
A)Cepi  S,,^,-3,8% 
W1  ywepoa  C'  -  38.6% 
OEfeoiopoa  H'  —  '-’.6% 
6k>  A30T  N'  -  0.8% 
0)  Klic.iopo*  <y  —  3.1% 
100% 


Key;  (1).  noisture.  (2).  Ash.  (3).  Sulfur.  (4).  carbon.  (5). 
Hydrogen.  (6)  .  Nitrogen.  (7)  .  Cxygen. 


Fuel  heating  value  gf  -seso  Kcal/hg. 

Cutput/yield  of  volatile  con^cneots  to  ccnbustible  aass  v‘  =30.0o/o. 


Excess  air  ratios,  voluaes  and  enthalpy  cf  ccabustico  products  in  the 
flues. 


The  excess  air  ratrc  at  the  output/yield  froa  burner 

•n  =1,20  (it  is  accepted  on  Eh  5-02). 

The  excess  air  ratics  xn  other  sections  cf  the  gas  circuit  are 
obtained  by  the  aethcd  cf  additxcn  to  <>..  the  suctions  of  air,  taken 
on  BN  4-06, 

Voluaes  and  enthalpy  or  aii  and  conbustion  products. 
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Since  propellant  ccapositico  is  accepted  tabular  (on  RN  2*01), 
volumes  and  enthalpy  of  arr  and  products  covtusticns  are  determined 
with  the  help  of  HN  4-C^  and  4-C5. 

The  results  of  calculatlcn  ace  reduced  in  Tables  1  and  2  (see  BN 
4-01)  . 
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T^ble  1.  Average/mean  chacactacistics  of  contusticn  products  in  the 
heating  surfaces  ^'-40. ir,- 


HeBMeflOMirne  MJiN'cmr 

0.) 

PeiM«o< 

NOCTk 

V^4.IS  ->0.7S 

4  4 

«  3.28  ■«*/«/;  QaO,49  ««*/«/ 

a 

m 

II 

X. 

£i 

t! 

ll 

5  = 

a  4= 

ii 

*  a 

0  5 
»  ? 
35 

(n— 

:;ii 

«  S  >» 

A  (.  >• 

a 

KosttxtiHUHeHT  H30biTKa  Rosayxa  sa  raaoxo* 
.TOM  a" 

- 

1.20' 

1,25 

1.27 

1,32 

1,34 

1.39 

fCo94>(tiMiuieKT  HsOuTKa  soaayxa  cpejiHHfl  <i 

1^0 

1,225 

1,26 

1 ,295 

1,33 

1,365 

Vo  =  1'h,O  +  0''’'6'(«-1)V'» 

0.S03 

0,505 

0.508 

0,509 

0.512 

0,514 

V'.  - ‘'po.  +  i'n,  +  V9  +  (» -  » I'" 

— ® 

5,36 

5,47 

5,62 

5,76 

5,91 

6,06 

I'po. 

'■po.  •=  V, 

— 

0,140 

0,133 

0,134 

0,130 

0,127 

0.124 

’^H.O 

''ho  =  ~P7 

- 

0,094 

0,0925 

0,0905 

0,0885 

0,0865 

0,085 

”  'po,  +  'h.o 

- 

0,234 

0,230 

0,224 

0,218 

0,214 

0.209 

'  * 

67,0 

65,7 

64,0 

62,5 

61,0 

59,5 

Key:  (1).  Designation  cf  values.  (2).  Di aens icnality.  (3).  Heating 
and  scallop.  (4).  superheater.  (5).  Econoaizei  cf  II  step/stage.  (6). 
Air  preheater  of  II  step/stage,  (7).  Econoaizer  of  I  step/stage.  (8). 
Air  preheater  of  I  step/stage.  (9).  Excess  air  ratio  after  flue  a*'. 
(10).  Excess  air  ratio  average/aeac  a.  (11).  na^/kg.  (12).  g/na^. 
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Page  132. 
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Key:  (1).  Designation  c£  value.  (2).  Designation.  (3).  Calculation 

foraula  or  aethod  of  deteriiratico.  (4).  Diiexsicnality.  (5). 

Calculation.  (6).  Heat  talance  aoo  fuel  consuipticn.  (7).  Available 

(8c).  Temperature  of  departin?;  gases, 
heat  of  fuel/propellant.  (8).  kcal/kg.  (8a).  kcal/h.  (8t).  kg/h.^(9)  . 

It  is  accepted  with  sukseguent  cefinenent.  (1C).  Enthalpy  of  stack 

gases.  (11).  Enthalpy  cf  theoretically  necessary  quantity  of  cold  air 

*. 


FOOTNOTE  2.  In  view  of  the  ats€tca  of  special  indications  it  is 
accepted  ENDFCCTNOTE. 

(12).  Then.  (13).  Heat  loss  fron  aechanical  incoaplete  burning.  (14). 
On  BN  5*02.  (15).  Heat  less  with  stack  gases.  (16).  Heat  loss  free 
cheadcal  inconplete  burning.  (17).  Heat  loss  into  envirennent.  (18). 
On  qraph/curve  BN  5-01.  (19>.  Coefficient  of  the 

retention/preser vation/eaiiitdioiog  heat.  (20).  Losses  with  physical 
heat  of  slags  3. 

FOOTNOTE  3.  It  is  considered,  since  ENCFOCTNOTE. 

100 

(21).  Sun  of  heat  losses.  (22).  Efficiency  cf  aggregate/unit.  (23). 
Enthalpy  of  superheated  steaa.  (24).  On  appendix  II.  (25).  Enthalpy 
of  feed  water.  (26).  Usefully  used  in  aggregate/unit  heat 
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FOOTNOTE  ♦.  The  heat,  returned  tc  tlowoff  water,  is  net  considered, 
since  <2o/o.  ENDFCOINCTE. 

(27).  Full  rate  c£  propellant  flew.  (28).  Calculated  consueption  of 
fuel  (actually/really  ferned  down) .  (29)  .  Calculation  of  heating. 
(30).  Volune  of  furnace  chanher/caaera.  (30a).  According  to  tbe 
structural/design  characteristics.  (31).  Full/tctal/coaplete 
beaa~ receiving  heating  surface,  (i^) .  Decree  cf  shielding  of  burner. 


FOOTNOTE  ».  Since  the  beat  cf  fuel/Ffcpellant  is  not 

considered.  ENDFOOTNOTE. 
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Continued. 
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Key:  (1).  Designation  c£  value*  (2)«  Designation.  (3).  Calculation 
formula  or  method  of  determinaticn.  (4).  Dimersicnality-  (5). 
Calculation.  (6)  .  Correctacn  tactox.  (7)  .  Efficient  eaissivity  factor 

of  flame.  (8) .  Conditional  coefficient  of  pcllution/contamination. 

Degree  of  blackening  of  fuel. 

(9).  On  RN  6-02.  (10).  A  ( 1 U The  sanei12).  Excess  air  ratio  in 

heating.  (13).  Temperature  of  net  air.  (14).  It  is  accepted  vith 
subsequent  refinement.  (15).  suctxcn  of  air  into  heating.  (16). 
Suction  of  air  into  system  of  coal  preparation  ». 

FOOTNOTE  ‘.  Individual  diagcaa  vith  the  dust  hepper.  ENDPOOTNOTE. 

(17).  Relation  of  quantity  of  ait  at  output/yield.  (18).  Heat  content 
cf  theoretically  necessary  hot  axr  vith  that  accepted-t^.^  (19).  On 
i»-table.  (20).  kcal/hg.  (^1).  Then  of  ccld  air,  (22).  Heat, 
introduced  by  air  into  heating.  (23).  Heat  release  in  beating  cn  1  kg 
of  fuel/propellant.  (24).  inecxetical  coibusticn  temperature,  (25). 
Heat  release  to  1  m*  of  tearing  surface.  (26).  kcal/m*h.  (27). 
Temperature  of  gases  at  cutput/yieid  frov  heating.  (28) .  On  remograa 
I,  (29).  Enthalpy  cf  gases  at  output/yield  frem  heating  >. 

FOOTNOTE  5.  On  C  and  •«.  ENOPCCINCIE. 


(30).  Mo  Key,  (31).  Heat,  transaitred  by  radiat icn/emission  in 
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heating.  (32).  Thernal  lead  ot  teaa-receiving  heating  surface.  (33). 
Seen  thernal  stress  cf  fcrnace  cavity 


FOOTNOTE  It  lies/rest£  uitnic  the  Units  c£  the  reconnended  with 
FN  5-02  values.  ENDFCOmClE. 


FOOTNOTE  *.  In  value  when  •«.  ENDFOCTNCTE. 

FOOTNOTE  Excess  of  the  recennended  Unit  icsignif icantly  and  can 
he  allowed.  ENDFOOTNOTE. 


iM«r 


(7)  rio.lHall  nOBCpXHOCTk 
Hirpcaa 

JlyqeaocnpiiHHMaiauta* 
noaepxHocTb  ((lacTOHa 
(it)  ilHaMCTp  Tpyfl 

c«)  OTiiocHTe.ibHuA  uiar 
^  tionepcMHuA 
y  3  i  OrHOCifrevibHuA  uiar 

npo.7a.7bHb(A 

^y)MHc.7o  pujoe  Tpy.5  no 
^  May  ra3oe 

ce<ieHHe  jum 
^  npoxoaa  rajoa 
(»w)  (p^KIMAMafl  TOatUNHa  J 

■34yMafoiuero  cJion' - - 

OU  PacacTHaa  noaepx- 

mcTk  Harpeaa^ 

U  ATouncpaTvpa  raaoa 
*  nepea  (pecToiioal 
^O^Tcn.iacojepAaime  ra- 
aoa  nepea  ipecTOHoa 
TeMneparypa  raaoi  u  j 
^ecTOMO.^ 

TcnaoccacpMaitne  ra- 

^  aoB  3a  (pecToiiOM  npH 

(2Jaj  Tcn.ionncnpwaTMe  <J»e- 
cToiia  (no  Oaaiaiicy) 
Tcrfiirparypa  KHn«HH« 

^  rrpH  aaBaeiititi  8  <Sapada« 
lie  Koraa  at  1(0  ama 

(yi)  CpeaHaa  ^reuneparypa 
raaoB 

00)  CpcaifiiA  TcMneparyp- 
NuA  iinnop^ 

^)o'T<e-f  r.i300  na  t  « 

^  TOnaHBO  npH  asl,30 

(yrt  OOtevHaa  sonn  Hfi  I 
dS)oGlcqHaa  ao.ia  rpcx- 

^  aTOMtiiiix  rajoB 

I  3Im  K  0  iiienTpa  iHB  aoau 
'Q^CpejMIIB  CKOpOCTk  rB- 
'^lOB  B  (ptCTOHB 

Ko^tpip'i'inenT  Tcnao-  I 

OT.MMtf  ^O'tRCKUUeA 

[f't)  KoiitKpHaHeHT  sarpaa- 

CvMMapiiaa  nor.iouia- 
TB.ibMaa  cnoco/S  locTb 
TpcaiToxHua  raaot 


(Ui  PacMBT  <tieeTOiia 

KOHCTpyKTHaHUM 

XMBKTCpMCTIIKBM 

0d)TO  Mt 


ff)H3  pBCBBTa  TOnXM 
Mt 

?fpKn«.>(«er«»  e  itocjit- 
AyniuBM  yTOBHCHHeM 

no  fl-TBOXHUe 

Of) 

rio  npnnoNcefUiio  U 


f[o  Ta^.  I 


•r 

0J> 


0,995(2326— 2  24l)-.84, 5 


1  098—317=781 


'>1  .U 

B,  V,  »4-2n  I  Cm)  41  000-5.16 (I  098+273) 

i3«j5'T’“273'  *'"•  3600-47.2.273  *■ 

f  ffj)  =6.5 

fr*  BOMOrpB.WMe  HI  KKliA  39.0 

J  /  ^^OC  zplt') 

no  BOMorpBHMB  Xllflflfiiqae  apo*  ^,0058-2.0- 1 .0+0, 002= 

f- - =0,0136 

r.a  '  0.234-1.11-0.260 


DOC  *  80041107 


EIGB 


Key:  (1).  Designation  cf  value,  (i).  Designation.  (3).  Calculation 
foreala  or  method  of  deter mlnaticn.  (4).  Dimensionality.  (5). 
Calculation.  (6) .  Calculaticn  ci  scallop.  (7) .  Full/tctal/complete 
heating  surface.  (8)  .  According  tc  structural/design  characteristics. 
(9).  Beaa-receiving  surface  of  scallop.  (10).  The  sane.  (11). 

Diaeeter  of  ducts.  (12).  Selative  step/pitch  transverse.  (13). 
Relative  step/pitch  lorgitudinai.  (14).  Number  cf  runs  of  pipes  on 
course  of  gases.  (15).  Clear  opening  for  pass  of  gases.  (16). 
Efficient  thickness  of  radiation  layer.  (17).  Calculated  heating 
surface.  (18).  Temperature  cf  gases  before  festccn.  (19).  Frca 
calculation  of  heating.  (20).  Enthalpy  of  gases  before  scallop.  (21). 
kcal/kg.  (22) .  Temperature  cf  gases  after  scallcp.  (23)  .  It  is 
accepted  vith  subseguett  reficeaent.  (24).  Enthalpy  cf  gases  after 
scallop  vhenoL.^ca^  (2f)  .  Cn  ia-talle.  (26).  Heat  absorption  of 
scallcp  (on  balance).  (^7).  Eciling  point  at  pressure  in  bciler 
barrel  p«=110  atn(abs.  ).  (28).  Cn  appendix  II.  (29).  Mean  temperature 
of  gases.  (30).  Average/mean  cexpeiature  head  *. 


FOCTNOTB  In  scallops  ^  it  is  always  less  than  1.7  and 
calculaticn  At  always  can  be  conducted  according  to  a  mean  arithmetic 
difference  in  the  temperatures.  ENCFOOTNCTE. 


(31).  Volume  of  gases  cn  1  Kg  or  f uel/prcpellant  with  a=1.  20.  (32) 
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EiC£ 


On  Tables  1.  (33).  n«*/kg.  (34J.  Voluae  fraction  HaC,  (35),  Vcluae 

fraction  of  triatoaic  gaaas.  (36).  Ash  ccncentration.  (37).  g/na^. 
(38).  A/erage/mean  gas  *«lcciry  in  scallop.  (39).  a/s.  (40). 
Convection  heat-transf ei  coefficient.  (41),  Cn  ncaogcaa.  (42), 

Jccal/a*  hour  deg.  (43),  Ccntaaination  factor.  (44).  a*  hour  deg/kcal. 
(45).  Total  absorptivity  of  triatcaic  gases.  (46).  a  atB(abs.). 
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Kay:  (1).  Designation  c£  value.  (2).  Designation.  (3).  Calculation 
foreula  or  eethod  o£  deter ■ izaticn.  (4) .  Diiezsicnality.  (5) . 
Calculation.  (6)  .  Coefficient  of  eealceaing  cays/beaas  by  triatonic 
gases.  (7).  On  noiogcai.  (8).  Coefficient  of  veakening  rays/feams  by 
ash  particles.  (9).  Abserptaen  strength  by  dusty  flew 

I 

FOOTNOTE  >.  Total  pressure  in  the  heating  p=  1  ata(abs.);  therefore 
subseguently  factor  p  in  the  foreulas  is  absent.  ENDFOOTNOTE. 

I  (10).  Teaperature  of  ccotaainated  wall  of  ducts.  (11).  Radiation 

I  heat-transfer  coefficient  of  dusty  flew.  (12).  kcal/a^  hour  deg. 

I 

(13).  Coefficient  of  heat  transfer.  (14).  Heat  absorption  of  scallop 
(according  to  equation  cf  heat  exchange).  (15).  kcal/kg.  (16). 
Relation  of  calculated  values  of  heat  absorption.  (17).  Since  value 
Q^andQ^  it  is  separated  acre  than  for  5o/o  (peraissible 
disagreement  f or -Tesfoons  )*  it  is  necessary  tc  nake  acre  precise 
calculation  (see  Secticr  8-C4) .  For  this  is  accepted  the  new  value  cf 
the  teaperature  of  gases  after  tne  -(esVoco.  (16)  •  Teaperature  of 
I  gases  after  -PesVeon 

FOOTNOTE  2.  Since  in  the  second  approxiaaticn/approach  is 


accepted  saaller  than  it  the  first.  ENDFCCTFCIE 


I 


DOC  =  80041107  FACE 

(19).  It  is  accepted.  (^C).  Eothalpy  of  gases  after  scallop  (21).  C 
i»-tabla.  (22).  No  Key.  (2J) .  Heat  absorption  of  scallop  (on 
balance).  (24).  Mean  teaperature  oi  gases.  (25).  Average/nean 
tenperature  of  snoka.  (ie6) .  Heat  absorption  of  scallop  (according  to 
equation  of  heat  exchange)  3. 

POCTNOTS  3.  Value  k  is  accepted  according  tc  the  first  calculation, 
since  the  difference  betveen  tctb  values  ''dcfC^C  ACCEPTED. 
ENDFOCTMOTB. 

(27).  Relation  of  calcnlated  values  of  heat  absorption.  (28).  This 
tine  of  value andQ^  it  is  separated  less  than  for  5o/o  and 
therefore  recalculation  is  net  produced. 
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Key:  (1).  Designation  c£  value.  (2j.  Designation.  (3).  Calculation 
foraula  or  aethod  of  deter ainaclon.  (4) .  Diaecsicnality .  (5)  . 
Calculation.  (6).  Calculaticn  ot  superheater.  (7).  Mean  diameter  of 
ducts.  (8).  According  tc  structucal/design  characteristics.  (9). 
Niddle  clear  opening  fee  pass  ct  gases.  (10).  Then.  (11).  Efficient 
thickness  of  radiation  layer.  (1^).  Number  cf  runs  cf  pipes.  (13). 
Surface  of  heating  first  part  (cn  course  cf  vaper).  (14).  Then  of 
second  part.  (15).  Middle  clear  opening  for  pass  cf  vapor.  (16). 
Angular  coefficient  cf  scallop.  (17).  Beam-receiving  surface  of 
scallop.  (18).  Heat  abscrption  of  superheater  by  radiation/emissicn 
from  heating 

FOOTNOTE  Value  is  accepted  from  the  calculation  of  beating. 

ENDFICTHOTE. 

(19).  kcal/kg.  (20).  Temperature  cf  gases  at  entrance  into  surface. 
(21).  Enthalpy  of  gases  at  entrance.  (22).  leiperature  of  superheated 
steam.  (23).  On  building.  (24).  Enthalpy  of  steam.  (25).  On  appendix. 
(26).  Value  of  moisteninc  vapor  in  steam  coder.  (27).  It  is  accepted 
with  subsequent  refinement.  (28).  Heat  of  steam  formation.  (29).  Cn 
appendix.  (30).  Heat,  transmitted  an  steam  coder.  (31).  Enthalpy  of 
saturated  steam.  (32).  Cn  appendix.  (33).  Heat  absorption  of 
superheater  (on  balance).  (34).  Enthalpy  of  gases  after  superheater. 
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Key:  (1).  Designation  cf  value,  Designation.  (3).  Calculation 

fornula  or  aethod  of  deterainaticn.  (4) .  Diiecsionality.  (S) . 
Calculation.  (6).  Voluae  cxacticn  cf  water  va^cis.  (7). 
with.  (3).  Volume  fracticn  cf  triatcaic  gases.  (9).  Then.  (10).  Ash 
concentration  in  flue  gases.  (11).  g/nn^.  (12).  Average/aean  gas 
velocity  in  superheater.  (13).  a/s.  (14).  Convection  heat-transfer 
coefficient.  (15).  On  ncacgraa,  (IE).  Iccal/a^  hear  deg.  (17). 
Contaaination  factor.  (16).  a^  heur  deg/kcal.  (19).  Vcluae  of  steaa 
at  mean  temperature 

FOOTNOTE  According  tc  aeao  teaperature,  rcanded  to  the  nearest 

eN  orooTMcTTE 

smaller  value,  multiple  cf  10<*C.^(10).  On  appendix.  (21).  a^/kg, 

(22).  Average  speed  of  steam.  (23).  Heat -transfer  coefficient  frea 
wall  to  vapor.  (24).  Teiperature  of  wall  of  superheater.  (25).  Total 
absorptivity  cf  triatomic  gases.  (.c6).  a  ata(abs.).  (27).  Coefficient 
cf  weakening  cays/beams  fy  triatoaic  gases.  (28).  Coefficient  of 
weakening  rays/beams  by  ash  particles.  (29).  Afcscrpticn  strength  of 
dusty  flow.  (30).  Coefficient  of  beat  emissicr  by  radiation/eaission. 
(31).  Coefficient  of  heat  transfer  in  superheater.  (32).  Temperature 
head  at  entrance  of  gases  with  ccurtercurrent.  (33) .  Then  at 
cutput/yield.  (34).  Tempexatcre  nead  with  countercurrent.  (35). 
Temperature  head  at  yield  of  gases  with  direct  flow.  (36) . 

Temperature  head  with  direct  flew. 
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Key:  (1).  Designatioo  ct  value.  (2>.  Oesignaticn.  (3).  Calculation 

formula  or  method  of  deter ■inacicn.  (4) .  Dimersionality.  (5) . 

Calculation.  (6).  Elelatica  of  temperature  heads.  (7).  since  ratio 
At  , 

<0.92,  temperature  heads  for  both  steps/stages  of  superheater 
it  is  necessary  to  design  separaxely.  (8).  Calculation  of  second  (cn 
vapor)  step/stage.  (9) .  Iniec  temperature  intc  second  step/stage. 

(10).  From  calculation  of  scallop.  (11).  Enthalpy  of  gases  at 
entrance.  (12).  Then.  (13).  kcal/kg.  (14).  Temperature  of  gases  at 
cutput/yield  from  second  stap/scage.  (15).  It  is  accepted  uith 
subsequent  refinement.  (16).  Enthalpy  of  gases  at  output/yield.  (17). 
On  i»-table.  (18).  Heat  absorption  of  step/stage  on  balance.  (19). 
Enthalpy  of  steam  at  output/yield  anto  second  step/stage  (p-105 
atm(abs.)).  (20).  Tesperature  of  steam  at  entrance.  (21).  On 
appendix.  (22).  Temperature  head  at  entrance  of  gases.  (23). 
Temperature  head  at  exit  of  gases.  (24)  .  Average/mean  temperature 
head  with  countercurrent.  (25).  Earameter.  (26).  Coefficient.  (27). 

Cn  nomogram.  (28).  Tempeiature  head  in  second  step/stage.  (29).  Heat 
absorption  of  step/stage  according  to  equation  of  heat  exchange. 

(30).  Since  value<2L(,  andQ,r\it  is  separated  for  more  than  2o/c, 
calculation  is  repeated  at  nevlj  adopted  value  S**.  (31).  Temperature 
of  gases  at  output/yield  from  seccrd  step/stage. 
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Key:  (1).  Designatioo  ct  value,  (i) .  Designation.  (3).  Calculation 

fornula  or  eethod  of  deteraioacicn.  (4).  Dinecsicnality .  (5). 

Calculation.  (8).  Heat  atsorptrcn  cf  step/stage  cn  balance.  (7). 

Iccal/icg.  (8)  .  Enthalpy  ct  steaa  at  entrance  into  second  step/stage. 

(9).  Temperature  of  steal  at  inlet.  (10).  On  appendix.  (11). 

Temperature  head  at  entrance  cf  gases.  (12).  Temperature  head  at  exit 

cf  gases.  (13).  Avecage/iean  tempeiature  head  with  ccuntercurrent. 

(14).  Parameter.  (15).  Ccafficient.  (16).  on  ncmogram.  (17). 

Temperature  head  in  second  step/stage.  (18).  Beat  absorption  cf 

step/stage  according  tc  eguaticc  of  heat  exchange.  (19).  Since  this 

time  of  valueQ^  andQ^  it  is  separated  more  than  fcr  2o/c,  ccmputed 
-  11 

valueBp  is  determined  by  inter poiaticn.  (20).  Ccmputed  value  of 
temperature  of  gases  after  secccd  step/stage.  (22).  Enthalpy  of  gases 
after  step/stage.  (23).  On  id-table.  (24).  Heat  abscrption  of 
step/stage.  (25).  Enthalpy  cf  steal  at  entrance.  (26).  Temperature  of 
steam  at  entrance.  (27).  Calculaticn  of  first  stage.  (26).  Enthalpy 
and  temperature  cf  gases  at  entrance  into  step/stage,  and  also 
enthalpy  and  temperature  of  steam  at  output/yield  from  it  are 
determined  during  calculaticn  cf  second  step/stage.  Heat  content  and 
temperature  of  gases  after  first  stage  and  respectively  the  value  of 
additional  moistening  cf  steam  an  the  steam  cccler  are  accepted 
during  the  ccmpositicn  cf  tne  balance  of  entire  superheater  as  a 
whole.  (29) .  Heat,  tracsiittcd  by  gases  in  section  of  evaporation. 
(30).  Heat,  transmitted  by  gases  in  section  cf  superheating. 
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Key:  (1).  Designatloo  c£  valua.  (2).  Designation.  (3).  Calculation 

foraula  or  method  o£  deterai tatico.  (4).  Diiersicnality.  (5). 

Calculation.  (6) .  Fcacticn/tcrticn  of  quantity  of  heat,  transmitted 

in  section  of  evaporaticc,  from  £ull/tot al/cciplete  heat  absorption 

of  step/stage.  (7).  Siccc  rhis  fracticn/porticn  is  more  than  C.12 

(see  Section  7-71),  tempccatuce  beads  foe  vapccizing  and  superheating 

parts  should  be  designed  separately.  (8) .  Enthalpy  cf  gases  after 

FOCfT>40TE 

superheating  part  (inter aediate),^* .  For  the  simplification  it  is 
accepted  that  the  sucticn  cf  arr  eccurs  only  in  the  superheating  part 
of  the  step/stage.  ENDFCClNOIf. 

(9).  kcal/hg.  (10).  Temperature  ct  gases  after  this  part  (when 

t.25  (11).  On  ia-tafcie.  (U).  Temperature  head  at  entrance  of 
gases  into  superheating  part.  (13).  Then  at  cutput/yield  from  it. 

(14).  Then  average/mean  in  section  of  superheating.  (15).  Then  at 
exit  of  gases  from  step/stage.  (16).  Then  average/mean  for  section  of 
evaporation.  (17).  Average/mean  temperature  bead  of  step/stage.  (18). 
Heat  absorption  of  step/stage  (according  tc  ecuation  of  heat 
exchange.  (19).  Relation  of  values  of  heat  absorption.  (20).  Since 
valueOn\  separated  sore  than  £cr  2c/o,  it  is  necessary 

to  manufacture  recalculation.  (21).  For  this  shculd  be  taken  neu 
value  of  degree  o£  moistening  in  steam  ccoler  and  counted  over 
temperature  head  in  vaperizing  part  of  first  stage;  calculation  of 


DOC  *  80041107 


(i»G£ 


superheater  part  is  not  caao^ad.  (i2) .  Value  cf  aoisteniog  steaa  in 
steam  cooler.  (23).  it  is  accepted  repeatedly.  (24).  Heat  absorption 
of  steaa  cooler.  (25).  Heat^  tccosnitted  in  evaporative  part.  (26). 
Enthalpy  of  gases  after  superheater.  (27).  Iciperature  cf  gases  after 
superheater.  (28).  Temperature  head  at  exit  cf  gases  from  step/stage. 
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Key:  (1).  Designation  c£  value.  (2).  Designation.  (3).  Calculation 
foraula  or  aethod  of  deterainaticn.  (4).  Diaeosicnality .  (5). 
Calculation.  (6) .  Average/aeao  tea^erature  head  for  section  of 
evaporation.  (7).  Averacc/aean  tea^eratuie  head  of  step/stage.  (8). 
Heat  absorption  of  step/stage 

FOOTNOTE  ».  Since  the  teaperature  cf  gases  differs  froa  that 
previously  accepted  less  man  ty  50®C,  the  ccefficient  cf  heat 
transfer  for  the  superheater  is  not  counted  ever.  ENDFOCTNOTE. 

(9).  hcal/kg.  (10).  Relaticn  ct  values  of  heat  absorption.  (11). 

Since  val ueQ^  and  it  is  separated  less  than  fer  2c/o,  calculaticn 
of  superheater  is  consicered  ccapleted.  (12) ,  Calculated  heat 
absorption  of  first  stage.  (13).  Calculation  of  second  step/stage  of 
eccnoaizer.  (14).  Diameter  of  ducts.  (15).  Accerding  to 
structural/design  characteristics.  (16).  Clear  opening  for  pass  of 
gases.  (17).  Then.  (18).  Relative  transverse  pitch  of  ducts.  (19). 
Relative  longitudinal  piten  or  cucts.  (2C) .  Efficient  thickness  cf 
gas  layer.  (21).  Number  cf  runs  cf  pipes.  (22).  Heating  surface. 

(23) .  Temperature  of  gases  at  ectrance.  (24)  .  From  calculaticn  of 
superheater.  (25).  Enthalpy  of  gases  at  entracce.  (26).  Enthalpy  cf 
water  at  output/yield  tici  eccncmizer  (tentatively) 
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POOTMOTB  *.  Qa-q*  and  ««  -  heat  eeasing  on  the  balance  in  the  heating, 
the  scallop  and  the  supecaeater;  -  heat  sensing  c£  steaa  ccoler. 
BNDPOOTNOTB.  (27).  Teapecacure  in  at  output/yield  from  sconosizer. 
(28).  On  appendix  II  at  pressure  p«.  (29).  Teiperature  of  gases  at 
output/yield  froa  second  step/stage.  (30).  It  is  accepted  with 
subseguent  refinement.  (31) .  Bnthalpy  of  gases  at  output/yield  froa 
step/stage.  (32).  On  ia-tanie.  (33).  Heat  atscrption  of  step/stage  cn 
balance.  (34) .  Enthalpy  cf  water  at  entrance  into  second  step/stage. 
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Key:  (1).  Designation  c£  value.  Designation.  (3).  Calculation 

formula  or  method  of  dctecma naticn.  (4).  Diaetsicnality.  (5). 
Calculation.  (6).  Tempecatuce  ot  water  at  stage  inlet.  (7).  Cn 
appendix.  (8).  Tenpecatcce  head  at  entrance  of  gases.  (9).  Tben  at 
cutput/yie Id.  (10).  Aveiage/aeao  temperature  bead.  (11).  Mean 
temperature  of  gases.  (12).  Mean  temperature  of  water.  (13). 
Temperature  of  contaminated  wall.  (14).  Volume  of  gases  on  1  kg  of 
fuel/propellant  with  a=1.2o.  (15).  On  Tables  1.  (15a).  nm^/kg.  (16). 

Volume  fraction  of  water  vapors.  (17).  Then.  (18).  Volume  fraction  of 
triatomic  gases.  (19).  Asa  concentration  in  flue  gases.  (19a).  g/nm^. 
(20).  Average/mean  gas  velocity.  (^1).  Convection  heat-trans f er 
coefficient.  (21a).  kcal/m-^  hcur  deg.  (22).  Cn  nomogram.  (23).  Total 
absorptivity  of  triatciic  gases.  (<4)  .  Coefficient  cf  attenuation  of 
rays/beams  by  triatomic  gases.  (25).  Coefficient  cf  weakening 
rays/beams  by  ash  particles.  (^6).  Absorption  strength  cf  dusty  flew. 
(27).  Radiation  heat-tta csfer  ccerficient.  (28).  Contamination 
factor.  (29).  m^  hour  deg/kcal.  (3C) .  Coefficient  of  heat  transfer. 
(31).  Heat  absorption  cf  eccncmizer  according  tc  eguaticn  of  heat 
transfer.  (32).  kcal/kc.  (33).  Since  disagreetent  between  and  a 
less  than  2o/o,  calculation  on  this  is  finished.  (34).  Calculation  of 
secondary  air  heater.  (35).  Diameter  of  ducts.  (36).  Accordieg  tc 
structural/design  characteristics.  (37) .  Relative  transverse  pitch  cf 


ducts . 
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Key:  (1).  OeslgnatioD  c£  value,  (i).  Designation.  (3).  Calculation 
foreula  or  aethod  of  dcterKioatico.  (4) .  Diaensicnality.  (5) . 
Calculation.  (6).  Relative  Icngitudinal  ^tcb  of  ducts.  (7). 

According  to  structural/design  cdacacter istics.  (8) .  Nuaber  cf  runs 
of  pipes.  (9).  Then.  (10).  Nuaber  c£  courses  by  air.  (11).  Clear 
opening  for  pass  of  gases.  (12).  Clear  opening  for  pass  of  air.  (13). 
Heating  surface.  (14).  Teaperacure  of  gases  at  entrance.  (15).  Frca 
calculation  of  second  step/stage  c£  econcmiiei.  (16).  Enthalpy  of 
gases  at  entrance.  (16a).  iccal/kg.  (17).  Teaperature  of  air  at 
output/yield.  (18).  Is  substituted  teaperature  cf  air.  accepted  in 
calculation  of  heating.  (19).  hrthalpy  cf  thecretically  necessary 
quantity  of  air  with  t".  (20).  On  iA-table.  (21).  Ratio  of  quantity 
of  air  at  output/yield  tc  theoretically  necessary 

FOOTNOTE  In  viev  of  the  stall  given  humidity  cf  fuel/propellant 
the  recirculation  of  air  is  net  provided  for.  ENDFOCTNOTE. 

(22).  Froa  calculaticn  cf  beating.  (23).  Sucticn  of  air  in  second 
step/stage.  (24).  OnTablas  1.  (25).  Teaperature  of  air  at  the  inlet 

into  second  step/stage.  (2b).  It  is  accepted  vith  subsequent 
refineaent.  (27).  Enthalpy  cf  theoretically  necessary  quantity  of  air 
at  entrance.  (28) .  Heat  absorpticn  of  air  or  balance.  (29)  .  Rean 
teaperature  of  air.  (30).  Entnalpy  cf  theoretically  necessary 
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quantity  of  air  at  oean  taB|:exarucs.  (31).  Enthalpy  of  gases  at 
output/yield  frcn  air  preheater.  (32).  Teaperature  of  gases  at 
output/yield.  (33) .  Mean  teeperature  of  gases.  (34)  .  Volume  of  gases 
cn  1  kg  of  fuel/propel  last  btec<X^ 
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Key:  (1).  Designation  c£  value.  (2).  Designation.  (3).  Calculation 
fornula  or  method  of  dcteCBicatlco.  (4) .  DiseESicnality.  (5) . 
Calculation.  (6).  Voluie  fiacticn  of  water  vapors.  (7).  OnTatles  1. 
(8).  Average/eean  gas  velocity.  (4).  m/s.  (10).  Heat-transfei 
coefficient  from  gas  side.  (11).  On  noaograe.  (12).  tcal/m^h  deg. 
(13) .  Theoretically  necessary  vcluae  of  air.  (14).  Average/aean  air 
speed.  (15).  Heat-transfer  ccefflcient  froa  air  side.  (16). 
Coefficient  of  use  of  heating  surface.  (17).  Cn  tables  cf  noicgraa. 
(18).  Coefficient  of  heat  tcansfer.  (18).  Teaperatuie  pressuce  head 
at  entrance  of  gases.  (20).  leaperature  head  at  output/yield.  (21). 
Teaperature  head  with  cc cntatcurcent.  (22).  larger  teaperature 
differential.  (23).  Saaller  teaperature  differential.  (24). 
Paraaeter.  (25).  Coefficient.  (<6).  Teaperature  head.  (27).  Heat 
absorption  of  air  preheater  accccding  to  eguaticn  of  heat  transfer. 
(28).  hcal/hg.  (2.9).  O.  OcOd 
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Key:  (1).  Designation  ci  value.  (2).  Designation.  (3).  Calculation 
foraula  or  method  of  determioaticn.  (4) .  Dimersicnality .  (5) . 
Calculation.  (6) .  Calculaticn  of  first  stage  c£  economizer  (cn  course 
of  water) .  (7) .  oiametec  of  ducts.  (8) .  According  tc 
structural/design  characteristics.  (9).  clear  opening  for  pass  cf 
gases.  (10).  Then.  (11).  Beiative  transverse  pitch.  (12).  Relative 
longitudinal  pitch.  (13).  Numhei  cf  runs  of  pipes.  (14).  Heating 
surface.  (15).  From  calculaticn  cf  air  preheater  cf  second 
step/stage.  (16).  Terperature  cf  gases  at  entrance.  (17).  Enthalpy  cf 
gases  at  entrance.  (17a).  xcal/Jig.  (18).  Enthalpy  of  water  at 
entrance  into  economizer 

FOOTNOTE  *.  The  heat  atscrpticn  of  steam  cooler  ««  is  taken  according 
to  the  calculaticn  of  scperbeater.  ENDPOCTNCTE. 

(19).  Temperature  of  water  at  entrance  into  economizer.  (19a).  On 
appendix.  (20)  .  Temperature  of  gases  at  cut put/yie.ld  from  eccccnizer. 
(21).  It  is  accepted  with  suoseguent  refinement.  (22).  Enthalpy  of 
gases  at  output/yield.  (23).  On  ie-table.  (24).  Heat  sensing  of 
economizer  on  balance.  |25).  Enthalpy  of  water  at  output/yield  free 
first  stage.  (26).  Temperature  cf  water  at  output/yield  from  first 
stage.  (27).  With.  (28).  Temperature  head  at  entrance  of  gases.  (29). 
Temperature  head  at  cutput/y ield.  (30).  Average/aean  temperature 
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head.  (31).  Mean  teapecatuce  c£  yases.  (32).  Rean  tenperature  of 
water.  (33).  Teaperature  c£  contaiinated  wall.  (34).  ?oluffle  of  gases 
cn  1  kg  of  fuel/propellant.  (i4a).  On  Tables  1.  (34h)  .  naJ/kg.  (35). 
Voluae  fraction  of  water  vapors.  (36) .  Vcluae  fraction  cf  triatoaic 
gases.  (37).  Ash  concentraticn  in  flue  gases.  (38).  g/naa. 
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Key:  (1).  Designation  cr  value.  (2).  Designation.  (3).  Calculation 
fornula  or  aethod  of  deter aicaricn.  (4).  Diaecslcnality .  (5). 
Calculation.  (6) .  Average/oean  gas  velocity.  (7)  .  a/s.  (3)  . 

Convection  heat- transfer  coefticieot.  (9).  Cn  ncaograa.  (10).  trcal/a^ 
hour  deg.  (11).  lotal  absorptivaty  of  triatcsic  gases.  (12).  s 
ata(abs.).  (13).  Coefficient  ct  eeakening  rays/teaas  by  triatcaic 
gases.  (14).  Coefficient  of  ueaKening  rays/beans  by  ash  particles. 
(15).  Absorption  strength  cr  dusty  flow.  (16).  Fadiation 
heat- transfer  coefficiect.  (17).  kcal/kg.  (18).  Contaainaticn  factor. 
(19).  a2  hour  deg/kcal.  (20).  Ccefxicient  of  heat  transfer.  (21). 

Heat  absorption  of  step/stage  according  to  equation  of  heat  transfer. 
(22) .  Since^^^  and  0.6  ncticeafaiy  ate  distinguished,  we  are  again 
assigned  by  value  *'*.  (23).  Teaperature  of  gases  at  output/yield, 

(24).  It  is  accepted  with  subsequent  refinesent.  (25).  Enthalpy  cf 
gases  at  output/yield.  (2o) .  Cn  id-table.  (27).  Heat  sensing  cf 
econoeizer  on  balance.  (28).  Enthalpy  of  water  at  output/yield.  (29). 
Tenperature  of  water  at  output/ yield.  (30).  O.c  appendix.  (31). 
Teaperature  pressure  head  at  entrance  of  gases.  (32)  .  Tenperature 
head  at  output/yield.  (33).  Average/nean  teaperature  head.  (34).  Heat 
absorption  of  step/stage  according  to  eguaticc  cf  heat  exchange. 

(35).  Relation  of  values  of  heat  ansorpticn.  (36).  Disagreement 
betweenC^^  andQ^is  alsc  acre  tnan  2o/o .  Therefore  the  calculated 
teaperature  of  gases  after  tfe  step/stage  is  determined  with  the  help 
cf  graphic  interpolation  (fig.  lo)  » 
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Key:  <1).  Designation  of  value.  (2).  Designation.  (3).  Calculation 
fornula  or  nethod  of  deter linatico.  (4)  .  Dieersicnality .  (5)  . 
Calculation. 


3*0250  300  370  OMOt 

Fig.  16.  Graphic  det er alnat ion  of  temperature  of  gases  after  first 
stage  of  economizer. 

Key:  (1).  Iccal/kg, 

(6).  Temperature  of  gases  at  output/yield  ftci  first  stage.  (7).  on 
Fig.  16.  (8) .  Enthalpy  of  gases  at  output/yield  from  step/stage.  (9) . 
On  id-table.  (9a).  Kcal/kg.  (10).  Heat  absorption  of  step/stage. 

(11).  Enthalpy  of  water  at  output/>ield.  (12).  Temperature  of  water 
at  output/yield.  (13).  Cn  appendix.  (14).  Caloulaticn  of  first  stage 
of  air  preheater.  (15).  Ciameter  of  ducts.  (16).  According  to 
structural/design  character istics.  (17).  Transverse  relative  spacing 
between  tubes.  (18).  Then.  (19).  Longitudinal  relative  spacing 
:4r>'<‘en  tubes.  (20).  Number  of  runs  of  pipes.  (21).  Number  of  courses 
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by  air.  (22) .  Clear  cpening  fox  pass  of  gases.  (23) .  Clear  opening 
for  pass  of  air.  (24).  beating  suxtace.  (25).  Teaperature  of  gases  at 
entrance.  (26).  Of  calcuiatxcn  cf  econonizer  cf  first  stage.  (27). 
Enthalpy  of  gases  at  erttance.  (28).  Teaperature  of  air  at  the  inlet. 
(29).  It  is  accepted.  (3G).  Ecthalpy  cf  theoretically  necessary 
quantity  cf  air  with  t'. 
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Key:  (1).  Designation  c£  value.  (2).  Designation.  (3).  Calculation 

foraula  or  eethod  of  deterainatlcn.  (4)  .  Diiensicnality .  (5)  . 

Calculation.  (6)  .  TeniFetature  ct  air  at  outfut/yield.  (7)  .  It  is 

accepted  with  subseguent  refineaent.  (8)  .  Enthalpy  of  theoretically 

necessary  guantity  of  air  with  t*».  (9).  On  i#-tafcle.  (10).  Patio  cf 

guantity  of  air  at  output/yield  frco  first  stage  to  theoretically 
tIOoO.  Kco^V/K9- 

necessary.|^ ( 1 1)  .  Heat  atsorptico  cf  air  cn  balance.  (12).  Mean 
tenperature  of  air.  (13).  Entaalpy  of  theoretically  necessary 
quantity  of  air  at  mean  teaperatur e.  (14).  Enthalpy  cf  gases  at 
cutput/yield  from  aii  preheater.  (15).  Tenperature  of  gases  at 
output/yield.  (16).  flean  teiperature  of  gases.  (17).  volume  of  gases 
cn  1  kg  of  f uel/propellact.  (18),  OnXafcles  1.  (19).  nnVkg.  (20). 
Volume  fraction  of  water  vapors.  (21) .  Average/aean  gas  velocity. 
(22).  n/s.  (23).  Heat-transfer  coefficient  frcm  gas  side.  (24).  On 
nomogram.  (25).  kcal/m^  hour  deg.  (26).  Average/mean  air  speed.  (27). 
Heat-transfer  coefficient  frcm  air  side.  (28).  Cn  ncmcgraa.  (29). 
Coefficient  of  use  of  heating  surface.  (30).  Cn  tables  cf  ncvcgran. 
(31).  Coefficient  cf  heat  transfer.  (32).  Teiperature  head  at 
entrance  of  gases.  (33).  Temperature  head  at  output/yield.  (34). 
Temperature  head  with  ccuntercurrcnt. 
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Key:  (1).  Designation  c£  value.  (2).  Designation.  (3).  Calculation 
foraula  or  aethod  of  deterainaticn.  (4).  Diaecsionality .  (5). 
Calculation.  (6).  Larger  ceaperature  differential.  (7).  Saaller 
teaperature  differential.  (8).  Earaaeter.  (9).  Coefficient.  (10).  Cn 
noaograa.  (11).  Temperature  head.  (12).  Eeat  abscrpticn  of  air 
preheater  according  to  ecuaticn  c£  heat  transfer.  (13).  Relation  of 
values  of  heat  absorpticn.  (14).  since  disacceement  betueenQ^  and 
Cit\l9ss  than  2o/o,  calculatlca  of  first  stage  of  air  preheater  is 
finished.  (IS).  Since  ciscrepaccy  betveer  i c te mediate  values  of 
temperature  of  air,  deteimmed  frci  calculation  cf  both  steps/stages 
c£  air  preheater,  exceeds  10°C,  it  is  necessary  to  manufacture 
recalculation.  Hcvever,  since  tta  determined  cf  the  calculaticn  value 
of  the  teaperature  of  stacX  gases  differs  frcm  that  accepted  less 
than  by  lO^C,  it  suffices  to  count  over  only  the  tail  heating 
surfaces.  (16).  Calculaticn  cf  second  step/stage  of  economizer  (on 
course  of  vater) .  (17) .  leaperature  of  water  at  entrance  intc  second 

step/stage.  (18).  Is  accepted  egual  to  t"  first  step/stage, 
determined  in  basic  calculation.  (19).  Enthalpy  cf  water  at  stage 
inlet.  (20).  Also  on  basis.  (11).  Enthalpy  cf  gases  before 
step/stage.  (22).  Frcm  calculaticn  cf  superheater.  (23).  Temperature 
of  gases  before  step/stage.  (24)  .  Then.  (25)  .  Temperature  of  gases 
after  step/stage.  (26)  .  It  is  accepted  with  subsequent  refinement. 
(27).  Enthalpy  of  gases  after  step/stage.  (20).  On  iS-table.  (29). 
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Heat  absorption  of  step/stage  co  balance.  (30).  Enthalpy  of  vater  at 
outpat/yield  froa  step/£ta^«.  (i1>.  Teaperatuxe  of  vater  at 
oatput/yield  froa  st€p/£tay€.  (32).  Teaperatare  head  at  entrance  of 
gases.  (33).  Teaperatuxe  head  at  entrance  of  gases.  (34).  Teaperatuxe 
head  at  output/yield.  (35).  Averagc/aean  teaperatuxe  head. 
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Key:  (1).  Designation  ci  value,  (i) .  Designation.  (3).  Calculation 
foreula  or  nethod  of  dcteciicaticn.  (4)  .  Diaetsicnality.  (5)  . 
Calculation.  (6) .  Heat  atsorpticn  c£  econoBi2er  according  to  equation 
of  heat  transfer.  (7).  kcal/kg.  (8j .  Relation  of  values  of  heat 
absorption.  (9).  Since  Gisagiceient  between  and  Qn  does  net  exceed 
2o/o,  calculation  on  this  is  finished.  (10).  Calculation  of  secondary 
air  heater.  (11).  Teaperature  of  gases  at  entrance.  (12).  Frci 
calculation  of  second  step/stage  ct  econcaixei.  (13).  Enthalpy  of 
gases  at  entrance.  (14).  iheo.  (IS),  kcal/hg.  (16).  Tenperature  of 
air  at  the  inlet.  (17).  is  accepted  equal  tc  t*'  first  step/stage, 
deterelned  in  basic  calculacicn.  (18).  Brthalpy  cf  theoretically 
necessary  quantity  of  air  with  t*.  (19).  Also  according  to  basic 
calculation.  (20).  Teaperature  cf  air  at  output/yield.  (21).  It  is 
accepted  with  the  next  cefineaent.  (22).  Enthalpy  cf  theoretically 
necessary  quantity  of  air  with  t*'.  (23).  On  ia*table.  (24).  Heat 
absorption  of  second  step/stage  cn  balance.  (25) .  Mean  teaperature  cf 
air  in  step/stage.  (26).  Enthalpy  cf  theoretically  necessary  quantity 
of  air  with  t.  (27).  Enthalpy  cf  gases  after  second  step/stage.  (28). 
Teaperature  of  gases  after  second  step/stage.  (29).  Teaperature  head 
at  entrance  of  gases.  (JO).  Teaperature  head  at  cutput/yield.  (31). 
Teaperature  head  with  ccuntercur rert.  (32)  .  larger  tenperature 
differential.  (33).  Snaller  teaperature  differential.  (34). 
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Key:  (1).  Designation  ct  value.  (1).  Designation.  (3).  Calculation 
fornula  or  aethod  o£  deteriioaticn.  (4) .  Diaetsicnality.  (5) . 
Calculation.  (6).  Paraeetec.  (7).  coefficient.  (8).  Temperature  head. 
(9).  Heat  absorption  according  to  equaticn  ct  heat  transfer.  (10). 
kcal/kg.  (11).  Relation  ct  values  c£  heat  absorption.  (12).  Since 
disagreement  betveenClg  andQi.^ exceed  2o/o,  calculation  on 
this  is  finished.  (13).  Calculatacn  of  first  stage  of  economizer. 
(14).  Temperature  of  gases  at  entrance.  (15).  From  calculation  of 
secondary  air  heater.  (16).  Enthalpy  of  gases  at  entrance.  (17). 

Then.  (18).  Enthalpy  of  eater  at  entrance.  (19).  According  to  basic 
calculation.  (20).  Temperature  cf  eater  at  entrance.  (21). 

Temperature  of  gases  at  output/ yield.  (22).  It  is  accepted  eith 
subsequent  refinement.  (23).  Enthalpy  of  gases  at  output/yield.  (24). 
On  i3'table.  (25) .  Heat  aoscrpticn  of  first  stage  on  balance.  (26) . 
Enthalpy  of  water  at  output/yield.  (27).  Temperature  of  water  at 
output/yield.  (28).  On  appendix.  (29).  Temperature  head  at  entrance 
of  gases.  (30).  Temperature  head  at  output/yield.  (31).  Temperature 
head.  (32).  Heat  abscrpticn  of  rirst  stage  acocrding  to  equation  cf 
heat  transfer.  (33).  Relaticn  ct  values  cf  heat  absorption.  (34). 
Since  disagreement  between  CLb  and  ^  less  than  2c/o«  calculation  of 
eccnonlzer  on  this  is  finished.  (35).  Calculaticn  of  first  stage  cf 
air  preheater.  (36).  Teiperature  or  gases  at  entrance.  (37).  of 
calculaticn  of  first  stage  cf  eccncmizer.  (36).  Enthalpy  of  gases  at 


entrance 
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y  Key;  (1).  Designaticn  ot  value.  (2),  Designation.  (3). 
Calculation  fornula  cr  aecnod  ot  deterninaticE.  (4) .  Diaensicnality . 
(5) .  Calculation.  (6) .  icapecature  of  air  at  the  inlet.  (7) .  it  is 
accepted.  (8) .  Enthalpy  cf  tteoretically  necessary  quantity  cf  air 
with  t'.  (9).  On  ia-tahl€.  (10).  ical/)cg.  (11).  Temperature  cf  air  at 

output/yield.  (12).  It  is  accepted  with  subsequent  refinement.  (13). 
Enthalpy  of  theoretically  necessary  quantity  cf  air  with  t''.  (14). 
Heat  absorption  of  step/stage  cc  balance.  (15).  Hean  temperature  of 
air  in  step/stage.  (16).  Entaalpy  cf  theoretically  necessary  quantity 
of  air  with  t.  (17).  Ecthalpy  of  gases  at  cutput/yield  from  air 
preheater.  (18).  Temperature  cf  gases  at  output/yield.  (19), 
Temperature  head  at  entrance  of  gases.  (20).  Temperature  head  at 
output/yield.  (21).  Teiperature  bead  at  cutput/yield.  (22).  Larger 
temperature  differential.  (23) .  Smaller  temperature  differential. 

(24).  Parameter.  (25).  Ccefricient.  (26).  On  ncmcgram.  (27). 
Temperature  head.  (28).  Heat  abscrpticn  cf  air  according  to  equation 
of  heat  transfer.  (29).  Delation  cl  values  cf  heat  absorption.  30). 

Cn  this  calculation  of  first  stage  of  air  preheater  is  finisted. 

(31).  Since  disagreemert  or  taxes  and  determired  values  of 
temperatures  cf  preheating  air  and  stack  gases,  and  also  discrepancy 
between  intermediate  values  of  temperatures  water  and  air,  determined 
from  calculation  of  botl  steps/stages  ot  eccccmizer  and  air 
preheater,  lie/rest  witbln  permissible  limits,  calculation  of  boiler 
unit  is  considered  ccmpleted.  it  is  necessary  tc  only  make  more 
precise  balance  values  acd  to  test  the  ccnvergence  cf  balance. 
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Key:  (1).  Designation  c£  value.  42).  Designation.  (3).  Calculation 
formula  or  method  of  detcrminaticn.  (4) .  Dimetsicnality.  (5) . 
Calculation.  (6) .  Tenpexature  cx  stack  gases.  (7) .  Of  calculation  of 
first  stage  of  air  preheater.  (E).  Enthalpy  of  stack  gases.  (9).  On 
id-table.  (10).  kcal/kg.  (11).  Beat  loss  with  stack  gases.  (12).  Sum 
of  heat  losses 

FCCTNOTB  gs,  g^,  gs  ecd  ace  accepted  according  to  the  basic 
calculation.  ERDFCOTNOIE . 

(13).  Efficiency  of  aggcegate/unit.  (14).  Full  rate  of  propellant 
flow  (for  calculations  c£  £uel  teed  and  pulverized  coal  preparation). 
(IS),  kg/h.  (16).  Calculated  consumption  of  fuel  (actually/really 
burned  down)  for  thermal  and  aerodynamic  designs.  (17).  Dseful  heat 
release  in  heating.  (18).  Quantity  of  taken  in  beating  beat 

FOOTNOTE  *.  The  enthalpy  of  gases  at  the  output/yield  from  the 
beating  is  determined  in  the  calculation  of  heating.  ENDFOOTNCTE. 

(19) .  Calculated  discrepancy  o£  beat  balance  3.  endfcctnOTB. 

(20) .  Relative  value  of  discrepancy.  (21).  Since  discrepancy  is  less 
than  O.Sc/o  ofQ^  calculation  c£  toiler  unit  is  finished. 
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Key:  (1)  .  The  sumaary  takle  o£  the  theraal  design  of  boiler.  (2)  . 
Designation  of  flues.  (3).  Desagnation  of  values.  (4). 

Diaensionality.  (S) .  Scallop.  (6).  II  step/stage  of  superheater.  (7) 

I  step/stage  of  superheater,  (o).  Econonizec,  II  step/stage.  (9).  Air 
preheater,  II  step/stage.  (10).  Eccnoaizer,  I  step/stage.  (11).  Air 
preheater,  I  step/stage.  (12).  leaperature  cf  gases  at  entrance. 

(13).  Then  at  output/yield.  (14),  heat  absorpticn,  (15).  hcal/kg. 

(16).  Temperature  of  heat-transfer  agent  at  ectrance.  (17).  Then  at 
output/yield.  (18).  Gas  velccity.  (19).  s/s.  (20).  speeds  of  water, 
vapor,  air. 
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Key:  (a) .  Design  charactecistics  o£  solid  aod  liquid  propellants. 

(b) .  Region  of  fields,  (c) .  Naac  of  deposit,  (d) .  Brand/sark  and 
type,  (e) .  Hocking  sass  of  f uel/prcpellant .  (f)  .  Coaposition,  o/o. 

(g) .  Ash  content  to  dry  lass.  (h).  Haxiaua.  (i) .  Lowest  heat  of 
coabustion.  ( j).  hunidity.  (x).  ash  content.  (1).  Hoistuce  of 
analytical  test/saaple.  (a) .  output/yield  of  volatile  coaponents  to 
coabustible  mass,  (n) .  Heat  at  coahustioc  in  toat  kcal/kg.  (o)  . 
Melting  points  of  ash.  (p).  it  began  strains,  (q).  began  softenings, 
ta,  with  oc.  (r).  the  beginning  c£  fluid  state,  (s)  .  Characteristic  of 
nonvolatile  reoainder/resiaue.  (t).  kcal/kg.  (u)  .  Coal.  ^iy  Donets 
basin.  (1A).  Powder-like,  that  fixed  or  sintered.  (2a).  Sintered, 
alloyed,  soaetiaes  distended.  (3a).  Sintered,  alloyed.  (4a). 
Powder-like,  that  fixed  cc  weakly  sintered.  (5a).  Pcwder-like.  (6a). 
Hv,  . hwji  (8a)  .  s<vt'vx- (Sa) .  Sintered.  ( 10a) 

Kuznetsk  Basin.  (11a).  Anzhecc-Sudzhenskiy.  ( 1 1b)  . -tKt.s<b^.(  12a) . 
Keaerovo.  (12b)  . IJa)  .  Sintered  or  pcwder-like.  (14a). 
Leninist.  (1 4b) . -tVy.  15a)  .  Sintered.  (16a). 

Prokol*yevski-Kisele vskiy  (Stalinugol' ,  Prokcp* yevskugol* , 
Kaganovichugol')  .  (16b)  ( 17a)  .IVeSo/vM..!  17b)  19a) . 

Aralichevskiy.  (19b).  Pcwder-like.  (20a).  Sintered. 


DOC  =  30041108 


Pa9es  156—157. 


Continuation  SS  2-01, 


21.  KaparaHdNNCiiNlI 

OacceAN 

22.  To  *e  • 


EA6£ 


23.  nojMOCXOBNUA 
I'acceAH 

24.  ricopcKHA  SacceAH 

25.  . 

2b.  VCCP  riiMaoflc-  < 
peaibc 


27.  3anaa*a«  VapaHHa 


29.  SaKapnarcKaa  Va- 
pawHa 

.30.  DaoiKHpcKaa  ACCP 
3'-  ypa*  (3^ 


rpyaHHcaaa  CCP 


Kaaaxcaaa  CCP 


yafiCRCKaa  CCP 


.  KHpraacaa*  CCP 


BoroiMoncaoe 

Me.iaSaiiCKo* 

( J^ByaaH.TincKoe 

EropiuHHCKoe 

’  tKB.ip'IC.IkCKOe 

TKniifi>.ibCKoe 
^y'»«rcaaTii 
(•i  /a.^A.i.iauiixcKoe 
llpTUlUCKOe 

''^'•^SKiiOacTya) 

;ieHrepo«c«oe 

AHrpen 

ys-*; 

>  Knaua-KH« 


_ 

AacKcaHApiiAcKoc, 
3aciiuropoacKO«, 
KopocTuiuescaoc 
H  ap.  /Dl;*  ! 
3oao<i«acKO« 
(TpocrnneuKoc) 
Ko.iObuAcKoe/91  i 
OfO 
.xivxaMCRrxoe 

(M.1bHIIUXO«) 

Eab.KBCKoe  (EpMO- 
A^iaccKiiA  paapaa) 

*1  Kiije-aobcxo* 


\i  V  vj 

nw-  7,5  25.0  0.8  57,0  3,4  0.9  5,4  5  Wl 

nc  t 

6  26.0  17.0  0,6  41,9  2.7  0.5  11,3  3  620  | 

B  33.0  23  5  1.7  1,2  I  2.2  0,6  8,7  2.510  1 

niK  7,0  18,6  0,4  0.5  62.5  3.9  1,7  5.4  5  930  [ 

.3  II. 0  24.9  1.9  0.6  47,4  3.2  1.3  9.7  4  340  I 

B  53.0  14.1  0.7  1.9  21.1  1.9  0,2  7.1  1650  1 

I  i 


B  1 37.0 


6  45.0 

B  52.0 


1.2  2.4  28.2  2,3 
2.4  1,2  37.8  3,1 
0.4  19,6  1.6 

0,3|  0.4  26,7  2.5 


nnM  II.O 


B  17.0 

1'  10,0 


n>K  10,0 


3.2 1  1.9  50.9j  3.7 
4,6  51,7  3.8 

8,0|  1.5  37.9  2.9 


.34,3  2.4 

41,8  3.0 
58,0  4,0 

66,7  2,7 


0.7  0.5 
0,5  0.6 


l,3|  0,5  44.1  3,3 


0.7  0,7 
1.5  0.5 
0.6  0.5 
0.4  0.4 


48.0  3.6 
34,2  2,5 

28.1  2.4 

44.2  2,9 


2.8  2  840 

1,1  3  770 

7.8  5  460 


8.4  4  470 
0,5-3  070 

9.5  2  470 

5. 5  4  050 


6  27.0  14,6  1.3  0,8  44.4  2.6  0.4  8,9  3  850 

6  35,0  11.0  0.7  0,7  41,9  2,0  0,4  8,3  3  4.30 

B  27.0  11,7  1,4  0.4  46,0  2,6  0.6  10.3  4  000 

B  21.0  11,9  0,5  0.1  51,7  2,7  0,5  11,6  4400 


12 

32 

32 

30 

37 

45 

12 

33 

15 

35 

60 

40 

45 

40 

60 

30 

10 

40 

10 

37 

15 

45 

33 

35 

24 

40 

15 

— 

9 

30 

14 

45 

15 

40 

33 

27 

40 

25 

32 

21 

25 

20 

DOC  =  80041108 


F1G£ 


Key:  ^21^  Karaganda  basin.  (21a).  Sintered.  ^22^ (22a) . 
Powder-like.  23.  noscow  tasin.  {23a) .  •^s»^-2U,  Pechora  basin.  (24a) 
Sintered.  25.  Pechora  basin.  (25a).  Powder-like.  26.  DkrSSR  [ 
Ukrainian  SSB  ]  right  bank.  (26a).  ilexandrine,  Svenigorodskiy , 
Korostyshewskiy,  etc.  (26o)  .-Vtw-.-t.  27,  western  Ukraine.  (27a). 
Zolochevskiy  (Trostyanetskiy)  Transcarpathian  Ukraine.  (29a)  . 

Hukachevskiy  (II 'nitskiy) .  [30)>  Bashkir  ASSB.  (30a).  Babayevskiy 
(yernolayevskiy  section/cut) . ^  ^  Orals.  (31a).  Kizelovskiy.  (32a). 
Powder-like  or  weakly  sinteced.  (iia)  .  Kizelcwskiy.  (35a)  . 
Chelyabinsk.  (36a).  Bulaoashkiy.  (36b).  Weakly  sintered.  (37a). 
legorshinskiy.  ^3^  Georgian  SSB.  (38a).  Tkvatchel*skiy.  (39a). 
Tkbival 'skiy.  (40a).  Gelati.  (41a).  Akhaltsikhskiy.  42.  Kazakh  SSB. 
(4  2a).  Irtysh  (Ekibastuz).  (43a).  lengercvskiy .  44.  Ozbek  SSB.  (44a) 
Angren.  ^45).  Kirghiz  SSB.  (4Sa).  Kyzyl-Kiya.  (46a).  Sulyukta. 
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Keyi^U?^  Kirghiz  SSR.  (47d).  Kc k-Iangagk ,  (48a).  Tashkunyr.  ^49^ 
Tadzhik  SSB.  (49a).  Shuzah.  |soj.  Krasnoyarsk  edge.  (SOa)  .  Kanskiy 
(Irsha-Borodinskiy)  .  ^5 1^  A.  0.  Khakasskaya.  (51a).  Minusinsk.  [52^ 
Irkutsk  Oblast*.  (52a).  Chdceakhcvskiy.  ^53^  Buryat  Mongolian  ASSR. 
(53a).  Gusino-Ozerskiy .  ^5  4^  Chita  Cblast*.  (54a).  Tarbagatayskiy. 
(55a).  Chernovskiy.  (5£d).  Arabagaiskiy .  (57a).  Bukachachinskiy. ^59^ 
Khabarovsk  edge.  (59a).  Eaychikbinskiy.  (60a)  .  Rivdinskiy.  (61a). 
Ural*skiy  (Bureya)  .  ^6^  Seaside  eage.  (62a).  Suchanskiy.  (63a). 
Sintered,  alloyed.  (65a) .  Artaaovskiy.  (66a)  .  Ta vrichanskiy.  (67a) . 
Pcdgorcdnenskiy.  (67b).  Fixing.  (66a).  Voroshilcvskiy.  (69a). 
Lipovetskiy. 
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Key:  (▼)  .  The  bltuninous  shale.  ^0^  Estonian.  (7'^  Leningrad  Obi. 
(71a).  Gdovsiciy.  (7^.  Kuyfcyshev  Cbl.  (72a).  Kashpirskiy.  Saratov 

Obi.  (73a).  Savel 'yevski  j.  (74a).  Czinskiy.  (75j.  Peat.  (75a).  Cake. 
(76a).  Milling.  ^7^  Firewood-  (77a).  Fixed,  loose.  (7^  Coke  breeze. 
^79^  Petroleua  residue.  (79a).  Lcw-sulfur.  ^0^  Coal  of  new  deposits. 
(80a).  High-sulphur,  ^oj.  iiestatn  Oxraine.  (Sla).  L'vov-?olyn.  (81b). 
From  the  powder-like  to  that  fixing.  ^2^  Kazakh  SSB.  (82a). 
Kushaurunskiy .  Kemerovo  Obi.  (83a).  Itatskiy.  Krasnoyarsk 

edge.  (84a).  Nazarovskly. 
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5.  Cy^iiioiiTiHeKHA  yro.ik  .  . 
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3.  ^RcaaaHCKHA  yro.ib  .  . 
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41140  (O-t-6  mm) 
(ioau^uKouua  to  laieuuH- 
nOM  CAOt) 

IX  <Ap«3apHbiA  TOp<ti*  .  .  . 

16.  noAxocKORHuA  yrojib*  . 

lU.  BoarroA  rai< 

17.  Hj^RORca . 

18.  .  'aRTpauara . 

(V.  raa  aaaAymaoA 
npoAyaaR  npx  noay- 
aaaaa  aojRHoro 
rasa 

IZ  Ha  ROKca  ". . 

20.  .  aarpauHTa . 

V.  raa  noAacMHOA 
r  a  a  a  <|i  R  K  a  u  a  R 

21.  Ha  KaxeHRora  yrxR  .  . 
2Z  .  noAxocKOaHoro  yr.iR 

VI.  raa  RORCoaux 

naaaA 

23.  OaRuteHNuA . 

24.  HeoRRiuaHHbiA . 

VILraa  oapapadoTKR 

Rt^TR 

2X  raa  ORpo.iaaa . 

VIIL  npHpoAKuA  raa 
RRCTO  raaoaux 
M  a  c  r  9  p  o  M  A  a  H  R  A 

26.  yxTRHCKHA . 

27.  Byrypye.iaNCKRA  .  .  .  . 
2X  KypaioacKRA  ...  .if 
29l  ExuirhcrrA  (Caparoa- 

crhA)  . 

30l  .lla.inTono.TkCKNA  .  .  . 

31.  iUiuaaeKiiA  (3an.  VKpa- 

RHa) . *..... 

32.  CTaapono.ikCRHA  .  .  . 

33.  UlaSaxRiiexHA  .  . 
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Key:  (a).  Design  charactecistics  ut  gaseous  fuels,  (b) .  Designation 
of  gas.  (c) .  Conpositicn  of  gas  in  percentages  by  volume,  (d). 
Onsatucated  hydrocarbots.  (e).  Heat  of  ccabosticn  Icvest  of  dry  gas 
kcal/nn^.  (f) .  Height  cf  nccial  cubic  aetec  bg/nn^.  1.  Gas  of 

blast  furnaces.  1.  Charcoal.  2.  Coice.  II.  Generator  went  out.  From 
the  cake  fuel/propellant,  i.  Coke  freeze.  4.  Anthracite  (donets.  5. 
Sulyutinskiy  carbon/coal.  b.  Ecgcsiovskiy  caibcn/coal.  7.  Gas 
Donetskiy  carbon/coal.  B.  Lxsichaoskiy  carbcn/ccal.  9.  Cherenkhovskiy 
carbon/coal.  10.  Chelyabinsk  caxtco/coal.  11.  ncscou  carbcn/ccal.  12. 
Peat  machine-formed.  13.  Hydic-peat.  14.  Hood  (chips).  Prom  the 
fine-grained  fuel/propellant  (0-6  am)  (gasification  in  suspended 
bed).  IS.  milled  peat  *. 

FOOTNOTE  *.  Data  accorditg  to  the  data  of  unit  analyses.  ENDFCCTNCTE. 

16.  noscow  carbon/coal  *.  HI.  Hater  gas 

FOOTNOTE  For  the  large/ccarse  stations  of  water  gas,  equipped  by 
gas  generators  in  diameter  of  sine/shaft  3.6  i.  ENDFCOTNOTE. 

17.  From  coke.  18.  From  anthracite.  IV.  Gas  cf  air  blasting  in 
obtaining  of  water  gas.  19.  Fcci  ccke.  2C.  Frco  anthracite.  V.  Gas  of 
subterranean  gasification.  21.  trcm  coal.  22.  From  Hcsccw 
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FACE 


cacboa/coal.  VI.  Gas  o€  coke  ovens.  23.  Purified.  24.  Hot  refined. 
VII.  Gas  of  petroleuB  refining.  25.  Gas  cf  pyrolysis.  VIII.  The 
natural  gas  of  purely  gas  fields.  26.  Ukhtinskiy.  (26a) .  Traces.  27, 
Buguruslanskiy .  28.  Kurdyunskry .  (28a).  Traces.  28.  Yeshlanskiy 
(Saratov).  30.  Helitcpcl 'skiy .  31.  Dashavs)ciy  (H.  Ukraine).  32. 
Stavropol.  33.  Shebelinka. 


FOCTHOTE  2,  Among  other  things  cf  benzene  O.80/0. 


3.  Aaong  other  things  CaH*  17.0c/c#  C4H3  5.0o/c.  hf  0 0  T  N 0~ c. 
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Page  164. 

Average/nean  heat  capacities  of  solid  and  liquid  propellants,  ash  and 
coBbustible  gases.  BN-3-C1. 

Solid  fuels. 


The  heat  capacity  ci  the  dry  aass  of  fuel/propellant  kcal/kg 
hail  is  accepted:  for  the  anthracite  and  the  lean  ccal  -  0.22;  for 
coals  >  0.26:  for  the  trcwn  coal  and  the  Billing  peat  *  0.27;  for  the 
schists  -  0.21. 


Heat  capacity  of  the  wcrhing  aass  of  the  f uel/propellant 


+  hcal/kg  deg. 

100  ^  ™  100 


Heat  capacity  of  petroleun  residue. 


.0.415  +  0,0006/  kcal/kg  deg. 


The  heat  capacity  of  gaseous  fuel,  in  reference  to  1  nn’  of  dry 


gas,  is  deterained  fees  the  fcraula 
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Heat  capacity  of  the  ash  cf  solid  fuels  (avaraged  date)  . 


1, 

•c 

.  iO 

t, 

•c 

ipm$ 

100 

0,193 

1  100 

0,238 

200 

0,202 

1  200 

0,24 

300 

0,210 

1300 

0,25 

400 

0,215 

1400 

0,27 

500 

0,219 

1  500 

0.28 

600 

0,223 

1600 

0,28 

700 

0,226 

1700 

0,29 

800 

0,229 

1800 

0,29 

900 

0,232 

1900 

0,30 

tooo 

0,235 

2000 

0,30 

Notes:  1.  The  values  of  the  heat  capacity  of  ash  at  high 
temperatures  are  given  with  consideration  of  the  heat  of  the  tran¬ 
sition  from  the  solid  to  the  liquid  state ► 

2.  The  values  of  the  heat  capacity,  cf  ash  at  t>l600OC  were 
determined  approximately  by  the  extrapolation  of  the  experimental  dat 
Key;  (1)  kcal/kg  deg. 


Heat  capacity  of  coabustible  gases 


t/>  c. 

t,  •c 

CO 

H, 

CH< 

0 

0,310 

0,305 

0.370 

100 

0,311 

0,308 

0,392 

200 

0,312 

0,310 

0,420 

300 

0,314 

'  0,310 

0,450 

400 

0,317 

0.311 

0,481 

500 

0,321 

0,312 

0,511 

600 

0,324 

0,312 

0,540 

700 

0,328 

0,313 

0,568 

800 

0,331 

0,314 

0,696 

900 

0.334 

0,316 

0,622 

1000 

0,33T 

0,317 

0,645 

(p  # 

#.  *c 

lltS 

CiH« 

C,H, 

C«Hi. 

C,Hn 

0 

0,360 

0,528 

0,728 

0,986 

1,225 

too 

0,366 

0,596 

0,838 

1,124 

1,394 

200 

0,373 

0,663 

0,947 

1,255 

1,556 

300 

0,381 

0,727 

1,044 

1,379 

1,704 

400 

0,390 

0,790 

1,137 

1,497 

1,849 

500 

0,399 

0,849 

1,217 

1,598 

1,972 

600 

0,408 

0,902 

1,297 

1,699 

2,096 

700 

0,417 

0,952 

1,367 

1,788 

2,205 

800 

0,426 

0,999 

1,430 

1,865 

2,299 

900 

0,434 

1,042 

1,488 

1,938 

2,386 

1000 

0,442 

1,083 

1,543 

2,007 

2,471 

Kejs  (1)  a,  kcal/ns^  deg 
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Physical  characteristics  of  petxolsua  residue.  EN  3~02. 


CMtCTM  IMSjrTO. 

.  no  rOCT  l>0l-S3> 


■  {i) 

B«3KOCTb  npR  80*  C  ■  rpsAyeix 

yCJIOBHOl  MSKOCTH  (OT— dO) 

TeHneparypi  BcnuuiKH  ite  hx- 

xe,  "C  .  .  .  . . .  . 

TeuncpaTyM  lacTUBaHRa  hb 
(v;auuir,  ’C . 


20 

40 

1  » 

n 

100 

2.S-r8,0 

5.0-t-8,0 

8,0^11,0 

n,o-n-i3.o 

13.04-15,5 

80 

100 

no 

120 

125 

+5 

+10 

+  15 

+20 

+25 

Key;  (1).  Physical  properties  of  petroleum  residue  cn  GOST  1501-52*. 
(2).  Brand/aarh  of  petrcleua  residue.  (3). 

?iscosity/ductility/toughness  uith  80®c  in  relative  viscosity 
(froa-to)  .  (4).  Flash  point  is  net  below,  ®C.  (5).  Solidification 
point  is  not  above,  ®C. 


Specific  gravity/weight  }2o^xg20-10 10  kg/a^;  on  the  average 
y20^««990  of  kg/a’. 

New  GOST  1501-57  provides  fer  petroleum  residue  cf  brand  200, 
supplied  to  users  only  cn  the  cenduits/aanif olds  directly  frea  the 
oil  refinery.  The  physical  prcpecties  of  petrcleua  residue  cf  brand 
200  following:  viscosit j/ductiiity/toughness  with  100®C  in  the 
degrees  of  relative  viscosity  6. 5-9.5,  flash  point  is  not  lower  than 
140OC  and  solidifies ticn  point  is  not  higher  than  ♦36®C. 
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fhe  dependeace  of  the  ccefficients  of  the 
viscosity/ductility/toutjhaess  of  pctroleue  residue  on  the 
teapecature. 


MV- 


'na 

■300 

Vzoo 


aoe- 


s  300- 'ta 

*!  '"-irW 


1*1 


»  jw-i 


00 

»  ,  , 

<e-f  0 

*  30  ia'  30  aa  ra  aa  aa  too  no 'o 

Key:  (1),  Kineeatic  viaccaity  »*10“*«a2s,  (2). 
7iscosity/dactility/toa;jbness  in  degrees  of  relative  viscosity 


Coefficient  of  the  theriai  ccnd tctrvity  of  petroleua  residue. 


i'  1 )  TeiifwpiTirps  usayre 

•c 

\  >  { 

1  * 

»  1 

ap  1 

1  ^ 

fj-j 

Mnyr  Htpiiii  20 . 

KtcaAiu  %ac  tpad 

0.103 

0,102 

0,101 

0.099 

0,098 

MayTH  Htpoii  40,  60,  80  « 

( yioo . 

<3> 

KiiaAfm  %M  tptO 

0.116  1 

0,115 

0,114 

0,113 

0,112 

Key:  (1).  Temperature  cf  petroleum  residue.  (2).  Petroleum  residue  of 
brand  20.  (3) .  Petroleui  residue  ct  brands  40,  6C,  80  and  100.  (4) 
kcal/m  hour  deg. 
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Page  166, 

Calculation  of  volunes  acd  ectnal^l  of  coobusticn  products.  BN  4-01. 

The  calculation  of  vcluaes  ana  enthalpy  cf  combustion  products 
is  recommended  to  take  shape  in  the  form  of  the  following  tables. 

Volumes  of  gases,  volume  fractions  of  triatcnic  gases,  concentration 
of  ash. 


Key:  (1).  Designation  of  values.  U)  •  Designations  cf  flues.  (3). 
Average/nean  values  cf  ccefricients  a  in  flues.  (4)  na^/kg.  (5) 
g/nm* . 


Enthalpy  of  combustion  (icducts.  I  h-table. 
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3^^ 


(.>  1 

s  4  ?  I  (P 

^  ?  ••  *•  ?* 


0  0 

/  -  /,  -f  (•  —  I)  /,  -t-  KmOAlKt 


a  S  •.»  .  J  4  *'  *’  *• 

a  *  *j3  “  3  i  I  I  1 

0  5.  oj.  t  s  V"  T  !  /  »/  /  «;  I  /  »|  '  I  *' 


•  The  enthalpy  of  ash  is  ccnsideced  only  «ith  1000 


Key:  (1)  hcal/kg.  (2)  kcal/kg  deg. 


The  values  of  the  theoretical  voluaes  cf  air  vo,  nitrogen  and 
water  vapors  v'ito-  voluae  cr  triatoaic  gases  .  enthalpy  of  the 
theoretical  voluae  of  flee  gases  C  and  theoretically  necessary 
voluae  of  air  /"  for  the  fuels/ ( covenants  whose  coapositions  are 
given  in  8N  2-01  and  2-C2,  are  placed  in  BN  4-02,  4-03  and  4-05. 


If  calculation  is  ccnducted  for  the  fuel/propellant  of  non-table 
conposition,  these  values  are  calculated  accerditg  tc  the  foroulas, 
led  in  chapter  4. 


‘•y.  -  the  share  of  the  ash  of  fuel/propellant,  taken  away  by  gases, 
takes  as  the  equal:  for  tae  pul verized-ccal  cenkusters  with  the  dry 
slag  renoval  -  0.9;  for  sine-  aril  heatings  (besides  the  case  cf 

coabusting  the  schists)  -  O.hS;  the  sane  during  the  cenbustien  of 
schists  -  0,7;  for  the  liguid-tath  furnaces  -  on  BN  5-05;  for  the 

heatings  with  heated  slag  funnels  -0.8-0.85;  for  the  layer  heatings  - 
cn  RH  5-03  and  5-04. 
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Volumes  of  air  and 


liquid 


propellants  with  <i=1. 


f 

I 


{a^) 

p«iM 

M«etofoaA«au 


HUMMOMM* 

MMTopoaatm 


t/C^> 

Mipn 
■  eorr 


MeKoniauue  yr^H 

1.  noMcuKit  (SicccRm 

2. 

3. 

4. 

5. 


6. 

7. 

8. 

9. 

10. 

11.  KysHCi 

12. 

13. 

14. 

15. 

16. 


iiuat  OteceAH 


17. 

18. 

19. 

20. 

21.  KapariHjiMHCXMA  6ac 
ccAh 

22.  To  aie 

23.  noAHOCKoaHuA  6ac- 
ccAh 

24.  ncxopcKHA  6acceAH 

25. 

26.  yCCP  DpaaoOcpewbe 


27.  3anaAHaa  YxpaHHa 

28. 

29.  SaaapnaTcaaa  Yapa- 

MMa 

.X).  Bauiaapcaaa  ACCP 

31.  Ypaa 

32.  . 

33.  , 

34.  . 

35.  . 

36.  . 

37.  . 

38.  rpyjHHeaaa  CCP 

39. 

4U. 

41. 

42.  RaMxeaaa  CCP 


5'<4ni 


64' 


llA^  — 
AH*ipo-Cyfl*eHCXoe 
Keaepoacaoe 


.JleHHiiexoe 

npoaonbescao-Kace- 
jieacKoe  (Craaaii- 
yroAb,  npoKonbeacX' 
yrOAb.  KaraHoaaa* 
yroJib) 

To  *6  no-' 

Aph.-IHHCBCaO*  IfO-' 


— 

AjiexcaiiflpHAcKoe.  Sae- 
HKropaacKoe,  Kopo- 
ux^^ruuieacKoe  «  ap. 
Hlo.ioMeacaoe  (Tpocra- 

MCUKOe) 

KojioMbiAcaoe 
MyKaieacxoe  (Habinia* 
Koe) 

r>.iOacacKoe  (EpMoaaea- 
CKiin  paopea) 
KaaeauacKoa 

[ioroc.ioaCKOe  'i’/o, 
McjiaOHHCKoe 
By.iaHaiucxoe 
EropuiHHCKoe  y) 
TKoap'ieabcxae  5/^ 
TxaH6yxbCXoe  5  ttu' 
TenaTK  V« 

Axaxuxxcxoe  V/ 
HpTuuieaoa  (SaaSaeTya) 


n 
r 

nx 

T 

[oayaHTpa* 

UHT 

AM  M  AC 
APIU 
AUi 
nnM 
I^OalUjiaa 

nc 

K-nc-cc 

nc-T 

fl 

r 

cc»-» 


CC11.9 
OCi^-.  It 

nnc 

n;K-nc 

6 

B 

n)K 

a. 

B 


r 
n 

nnM 
6 
B 

r 

A 

njK 

r 

B 

,  B 

f-'x^ycc 


p.  1 

‘'AO. 

''HtO 

fBLf 

««•/«/) 

iiiSjit-: 

5.35 

0.97 

4,23 

0.66 

5.86 

6,53 

1,18 

5,17 

0.66 

7,01 

6,53 

1.19 

5.17 

0,60 

6,96 

7,21 

1,34 

5.70 

0,56 

7.6 

7,20 

1,36 

5,69 

0,50 

7.55 

7,21 

1.44 

5,70 

0.34 

7.48 

l>.76 

1.35 

5,35 

0.34 

7.04 

6,63 

1.33 

5,25 

0.35 

6,93 

4,15 

0.75 

3,28 

0,49 

4,52 

5,66 

1,03 

4,48 

0,70 

6.21 

7,47 

1,39 

5,91 

0,59 

7,89 

6,64 

1.22 

5.25 

0,64 

7.11 

7,05 

1.31 

5.58 

0,58 

7.47 

6,88 

1,26 

5.45 

0,76 

7.47 

6,90 

1.24 

5,47 

0.73 

7,44 

7,26 

1.33 

5.75 

0,70 

7,78 

7,41 

1.37 

5,87 

0,63 

7,87 

7.52 

1,40 

5.95 

0.53 

7.93 

6,82 

1,28 

5,40 

0,54 

7,22 

6,19 

1,13 

4,90 

0.55 

6.58 

5j82 

1,07 

4,60 

0,56 

6,2i 

4,09 

0,79 

3,23 

0,69 

4,71 

2,98 

0,56 

2.36 

0,70 

3,62 

6,44 

1.17 

5.10 

0,62 

6,79 

4,82 

0,90 

3.82 

0.57 

5.29 

2,23 

0,41 

1,76 

0,91 

3.08 

2,92 

0,55 

2,31 

9,76 

3,62 

3.94 

0.73 

3J2 

^66 

24,51 

■l.Oo" 

■0T37 

1,55' 

0,79 

2.71 

2,78 

0,50 

2,20 

0,97 

3,67 

5,52 

0,99 

4.37 

0.57 

5.93 

5.52 

1.00 

4,37 

0.53 

5.95 

4,38 

0.77 

3.47 

0.53 

4.77 

3.27 

0.64 

2,59 

0,67 

3.90 

4.18 

0.79 

3,31 

0,61 

4.71 

5,99 

1,09 

4.74 

0.66 

6.49 

6.55 

1.25 

5.18 

0.47 

6,90 

4.67 

0,84 

3.69 

0,57 

5. 10 

4,99 

0,91 

3  95 

0.62 

5,43 

3,45 

0.65 

2.73 

0,47 

3.85 

2,86 

0,53 

2.26 

0,56 

3.34 

4,51 

0,83 

1 

3.57 

0,50 

4.90 
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Key:  (a),  region  of  de^csit.  (b) .  Cesignaticn  of  deposit,  (c)  . 
Brand/mark  and  type.  (d).  na^/tg.  (e) .  Coal,  (f)  .  Bituaioous  shale.  1. 
Donets  basin.  (5a).  Cartcnaceous  ccal.  (6a).  AB  and  AS.  (10a).  sludge. 
11.  Kuznetsk  Basin.  (11a).  Anzheco-Sudzhenskiy.  (12a.).  Keaercvo. 
(14a).  Leninist.  (16a)  trokop  *  yewsKO-Kisele vs kiy  (Stalinugol  •  , 

Pcokop*  ye  vskugol' ,  Kagancvichagcl'} .  (17a).  Then.  (19a). 

Aralichevskiy.  21.  Karaganua  kasin.  22.dVxS<i/»x.2  3.  .loscow  basin.  24, 
Pechora  basin.  26.  OkrSSB  rignt  tank.  (26a).  Alexandrine, 
Zvenigorodskiy,  Korostystavskiy ,  etc.  27,  Western  Ukraine.  (27a). 
Zolochevskiy  (Trostyanetsaiy)  .  (2da)  .  Koloayyskiy.  29. 

Transcarpathian  Ukraine.  (29a).  Bukachevskiy  (I 1 'nitski y) .  30. 

Bashkir  ASSH.  (30a).  Eabayevskiy  (Yeraclayevskiy  section/cut).  31, 
orals.  (31a).  Kizelovskiy.  (34a).  Theological.  (35a).  Chelyabinsk. 
(36a).  Bulanashskiy.  (37a).  legorshinski y .  38.  Georgian  SSR.  (38a). 

Tk  varchel'skiy.  (39a).  IkvAfcui ‘skiy,  (40a).  Gelati.  (41a). 
Akhaltsikhskiy .  42.  Kazakh  SSB.  (4^a)  .  Irtysh  (Ekibastuz). 
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Continuation  RN  4-02. 


43.  Kutxexaii  CCP 

TtcHrepoacKo* 

B 

♦,41 

0,84 

3.49 

0.70 

5.03 

44.  ysOcxcxii  CCP 

AarpcH 

B 

4.03 

0,79 

3,18 

0.72 

4.69 

45.  KMprHaexaa  CCP 

Khswji-Kmr 

B 

4.50 

0,87 

3,56 

0.70 

5,13 

46. 

•  • 

Cy.iKjxTi 

B 

4.95 

0,97 

3,91 

0.64 

5,52 

47. 

•  •  '  • 

Kox-Hiirax  4/7^1-' 

a 

5.35 

1,00 

4,23 

0.66 

5,80 

48, 

•  • 

Taiuxysiup  V  t 

A 

5.96 

I.H 

4.71 

0,68 

6,50 

49. 

TaAMftKCKflii  CCP 

UiypaS  </ 

B 

4,47 

0,88 

3.54 

0,68 

5,10 

SO. 

KpacHOupcKMft  KpaA 

KauCKoe  S^O 

B 

4,09 

0,78 

3.23 

0.79 

4,80 

SI. 

Xaxaccxax  A.  0, 

.viHuyciiiiCKoe  ■>' / 

a 

7,28 

1.27 

5,77 

0.81 

7.85 

52. 

Mpxyrcxix  o6a. 

MepeMxoncKoe 

n 

5.17 

0>4 

4.09 

0.67 

5,70 

33^  B\pxT-iMoHrojikCKix 
ACCP 

rycHiiO'Oaepcicot  A. 

B 

4,70 

0,89 

3,72 

0.69 

.'.,30 

54. 

Mitrhckix  o6a. 

Tap6araTaAcKoe  5"/^^ 

B 

4.71 

0,88 

3,72 

0,73 

5,33 

SS. 

McpHosctioe  fTjTAr-^ 

B 

4.43 

0,84 

3,51 

0.82 

5.17 

56. 

Apa6ar«pcKOe 

B 

4.15 

0,80 

3,28 

0,70 

4.78 

57. 

6yKa<iat|HHcxoe  ^7^ 

r 

6.74 

1,23 

5.33 

0,70 

7.26 

58. 

•  • 

n 

6,18 

1.14 

4.89 

0,73 

6,76 

59.  XaSapoecxHt  xpaA 

PaAqHXHHCKoe  i  9^ 

B 

3.56 

0,71 

2.81 

0.77 

4.29 

60. 

■  • 

KxaaMHCxoc 

B 

3.74 

0,73 

2.96 

0.75 

4.44 

61. 

•  • 

Vpraxkcxoe  (Bypea)^/. 

✓  r 

5,28 

0.95 

4,18 

0,57 

5,70 

6a. 

fTpNMOpCKHA  Kpaft 

CyaaHCKOe 

r 

5.60 

1,02 

4.43 

0,56 

6.01 

03. 

. 

• 

n)K 

6.29 

1.16 

4,98 

0.58 

6.72 

64. 

• 

« 

T 

6.30 

1.19 

4.98 

0.49 

6,66 

65. 

«  • 

ApTCMOBCxoa  G 

6 

3.57 

0,66 

2. S3 

0.73 

4.22 

66. 

TaapHMaiicxoe  6>  (a 

B 

4.79 

0.89 

3,79 

0,64 

5,32 

67. 

. 

noAropodHeHCKoa  <a?A. 

T 

5.02 

0.93 

3,97 

0,43 

5.33 

08. 

« 

Bopoiuxxoacxoe  i> 

CC 

4.75 

0,87 

3.76 

0,47 

5.10 

69. 

• 

r  0  p  10  H  e 

JliinooeuKoe  ^ 

c  a  3  H  u  u 

.T 

4.08 

0,91 

3.94 

0.61 

5.46 

70. 

3ctohcx«x  CCP 

— 

_ 

2.90 

0,55* 

2,36 

0,59 

3,50 

71. 

.1«HMHrpaACKaii  oOa. 

raoacKoe  7'  ' 

— 

2.32 

0,45’ 

1.83 

0,50 

2,78 

72. 

Kyil^uuiescKaii  o0;i. 

KauiniipcKoe 

— 

1,80 

0,35* 

U42 

0.48 

2,25 

73. 

CapaToscRaa  o6a. 

CaaeAbescKoe  7  3 

— 

1.70 

0,33* 

1.35 

0.48 

2.16 

74. 

•  m 

OaXHCKOC  7 

1.73 

0.32* 

1,37 

0,50 

2,19 

75. 

To  p  <p 

— 

K>ckosoA 

3,01 

0.58 

2,39 

0,99 

3,87 

76. 

—  lU 

''(^pe3epNuA 

2, ,51 

0,48 

1,99 

0,96 

3.43 

77. 

71  p  0  X  4 

— 

— 

2,81 

0,57 

2,23 

0,95 

3,75 

78. 

KoKCOsaa  m  c  a  o  h  ^ 

— 

79a^ 

5,91 

1,18 

4,68 

0.50 

6,36 

79. 

M  a  $  y  T 

MaAocep- 

hhctuA 

10,28 

1,60 

8,12 

1.34 

11,06 

80. 

■ 

.P&a 

,  Ducoxo- 
'cepaxcTul 

10,15 

1.58 

8,02 

1.32 

10,92 

♦  During  calculaticn  >'■0.  schists  the  coefficient  of  the 

expansion  of  carbonates  k  is  accepted  equal  tc  unii-. 
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Key:  43.  Kazalch  SSR.  (43ai  .  Lensercvsitiy .  44.  Uzbek  SSB.  {44a). 

Angran.  45.  Kirghiz  SSB.  (45a).  Kyzyl-Kiya.  (46a).  Sulyukta.  (47a). 

Kok-Yangak.  (48a).  Tashkuayr.  49,  ladzhik  SSB.  (49a).  Shurab.  50. 

Krasnoyarsk  edge.  (50a).  Kanskiy.  51.  A.  0.  Khakasskaya.  (51a). 

Hinusinsk.  52.  Irkutsk  Ctl.  (52a).  Chereskhc vskiy.  53. 

Bucyat-Mongolian  ASSB.  (53a).  Gusino-Ozetskiy .  54.  Chita  Obi.  (54a). 

Tar bagatayskiy «  (55a).  Chernoiskiy,  (56a)  Arakagarskiy.  (57a). 

Eukachachinskiy.  59.  Kkakarcvsk  edge.  (59a)  .  Baychikbinskiy.  (60a)  . 

Kivdinskiy.  (61d).  Orgal'skiy  (Bureya) .  62.  Seaside  edge.  (62a). 

Suchanskiy.  (65a).  Arteacvskiy.  (66a) .  Tavrichanskiy.  (67a). 

m.  Fw.t\  SdvisW.  (lO). 

Podgotcdnenskiy.  (68a).  Vorcshilo*skiy.  (69a).  Lipo vetskiy.^7 1. 

Leningrad  Obi.  (71a) ,  Gdcvskiy.  72.  Kuybyshe?  Obi.  (72a) . 

Kashpirskiy.  73.  Saratov  Obi.  (73a).  Sa vel • je*skiy.  (74a).  Ozinskiy. 

7S.  Peat.  (75d) .  Cake.  (76a).  Milling.  77.  Firewood.  78.  Coke  breeze. 

79.  petroleuB  residue.  (79a).  Lcw-sulfur.  (SCa) .  High-sulphur. 


\ 
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Voluffles  of  air  and  coabvsticn  f^ioducts  of  gaseous  fuels  with  a- 
-03. 


(ay) 

HaaneHOMsie  ruM 

{h)  MM«Mw  tMaeeerXMM  u  1  ajt*  cyasro  rasa 

•'ao. 

^HtO 

( 

^ajiVaa* 

1 

% 

3 

4 

5 

a 

1.  ra3  AOHCHiiux  neiel 

1.  npeseCHoyroAbHux . 

U.99 

0,41 

1,30 

0,13 

1.84 

2,  KoxcoaMX . 

0.78 

0,39 

1.20 

0.05 

1.54 

II.  PcHcpaTopHuA  rii 

Ms  KycKoaoro  Tonjiaaa 

J.  KoKcoaaff  Me;ioqb . 

1,06 

U.34- 

1,36 

0.16 

1.86 

4.  AHTpaUIIT  AOliaUKNA . .  •  .  . 

1,03 

0.34 

1.34 

0,16 

1.84 

5.  CyxioKTMHCKHA  yroAb . 

1.13 

0.35 

1.39 

0.18 

1.92 

6.  Bbroc.ioacKHA  .  . 

I.H 

0.35 

1.42 

0,20 

1,97 

7.  raaoBhiA  itoiiauKHA  yrojib  . . .  . 

1.23 

0.35 

1.49 

0,21 

2.05 

8.  /iHCHMaiiCKHA  yroab . 

1.30 

0,36 

1.52 

0,24 

2,12 

9.  HepaMXoacKHA  ,  . 

1,23 

0,36 

1.50 

0,24 

2.10 

10.  Me.iaOHHCKHA  . 

l,2S 

0,38 

1.48 

0,20 

2,06 

tl.  riOilMOCROSHfalA  «  . 

1.26 

0,36 

1,50 

0.22 

2.06 

12.  Top<p  MauiMHOipopHaaa'iHuA . 

1.37 

0,40 

1,54 

0,24 

2,18 

13.  rH,ipOTnp<p . 

1.31 

0,39 

1.49 

0,23 

2.11 

14.  npaaaeiiHa  (luerta) . 

1,36 

0,39 

1.54 

0,23 

2.16 

H3  MeaK03€pHHCToro  ron;iH««  (0-r 
6  iiji)  (raaHcpHxauHa  ao  aiaauiaa- 
H  0  M  C  A  0  a) 

IS.  <Pp(3epiibiA  Topip . 

I.OI 

0,33 

1,36 

0,18 

1,87 

16.  noAMoCKOaHbiA  yroxb . 

0,87 

0,31 

1,31 

0.12 

1.74 

III.  BoaxhoA  ra3 

17.  Ha  KOKca . 

2,13 

0.44 

1.74 

0..55 

2.73 

UB.  .  aHTpauBTa . .  . 

2.13 

0,45 

1,75 

0,53 

2,73 

IV.  Taa  aoaAyuiHoA  npOAyaxa  npa 

noayqeHNR  soARHOro  rasa 

19.  H3  RORca . 

O.IS 

0,23 

0,88 

0,02 

1,13 

20.  ,  aHTpauHTa  . 

0,28 

0,24 

0.96 

0,03 

1.23 

V.  Taa  noAXCMHoA  raaaipaxauHH 

21.  Ha  KaMUHHoro  yrxa . 

0,91 

0,31 

1.30 

0.17 

1.78 

22.  .  noABoexoaMoro  yr.ia . 

0,80 

0,22 

1.27 

0.20 

.  1.69 

VI.  Fas  xoRcoiux  neq«A 

23.  OqHiueHHbiA  . . 

3.93 

0,36 

3.18 

1,13 

4.67 

24.  HeoMHUieHKwA . .  .  •  . . 

4.19 

0,40 

3.39 

1,15 

4,94 

VII.  Taa  nepepaOoTXH  naipTH 

25.  Taa  napoxHaa  . 

12.05 

1,47 

9,52 

2,32 

13,31 

VIII.  ripiipoAHuA  ras  rhcto 
rasoQux  mcctopomachnA 

26.  yXTMHCRMA . . . 

8,83 

0,94 

7.07 

1,98 

9.99 

27.  Bvrypyc.iaMCKiiO . 

9.01 

0,98 

7.27 

1.97 

10,22 

28.  KypanxCKHA  . 

8,94 

0,94 

7.13 

2,02 

10.09 

29.  Exiu.ihckrA  (CapaTOaexaA) . 

9,51 

1.01 

7,54 

2.13 

10.68 

30.  MaaMTonoabcaaA . 

9.34 

0,98 

7.40 

2.11 

10.49 

31.  nauiaacxiil  (SanaAnaa  VapaiiNa) . 

9.48 

i.ou 

7.50 

2.14 

10.64 

*  The  voluae  of  water  valors  is  calculated  without  taking  into 
account  the  aoisture,  whJcn  is  contained  in  the  gaseous  fuel. 
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Key:  (a).  Designation  ci  gas.  (C).  All  values  are  calculated  cn  1  Kn’ 
of  dry  gas.  (c) .  I.  Gas  oi  blast  furnaces.  1.  Charccal.  2. 

Coke.  II.  Generator  gas.  Free  rbe  cake  fuel/propellant.  3.  Ccke 
breeze.  4.  Anthracite  denets.  5.  Sulyutinskiy  carbcn/coal.  6. 
Bogoslovskiy  carbon/coal.  7.  Gas  ocnetskiy  caibcn/ccal.  8. 
Lisichanskiy  carbon/coai.  9.  Ctaereekhovskiy  ccal.  10.  Chelyabinsk 
carbon/coal.  11.  Hoscoh  carbcn/ccal.  12.  Peat  naebine-foraed.  13. 
Hydro-peat.  14.  Hood  (chips).  (14a).  Froa  the  fine-grained 
fuel/propellant  (0-6  ma)  (gasification  in  suspended  bed).  15.  Hilling 
peat.  16.  Hoscou  carbon/coal.  III.  Hater  gas.  17.  Froa  coke.  18.  Froa 
anthracite.  IV.  Gas  of  air  blasting  in  obtaining  of  eater  gas.  19. 
Froa  coke.  20.  Froa  antbxacite.  V.  Gas  of  subterranean  gasification. 
21.  Pros  coal.  22.  Frci  flcscoe  carbon/coal.  vi.  Gas  of  coke  evens. 

23.  Purified.  24.  Not  refined.  VII.  Gas  cf  petcoleua  refining.  25. 

Gas  of  pyrolysis.  VIII.  The  natural  gas  cf  purely  gas  fields.  26. 
Ukhtinskiy.  27.  Buguruslanskiy .  28.  Kurdyuaskiy.  29.  Yelshanskiy 
(Saratov).  30.  Helitopcl 'skiy.  31.  Dashavskiy  (Hestern  Okraine) . 
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Enthalpy  1  na^  of  air  and  gases  and  1  leg  of  ash.  BN  4-04. 


* 

(‘♦teOi 

1  “»>0. 

<*»)• 

(**)„ 

•c 

^  * 

1  MttOA/mM* 

(0  HMOA/mM* 

^  ir«a4/Nii* 

KKOAlm* 

100 

40,6 

31,0 

31,5 

36,0 

31,6 

19,3 

200 

35,4 

62,1 

63,8 

72,7 

63,6 

40,4 

300 

133,5 

93,6 

97,2 

110.5 

96,2 

63,0 

400 

184,4 

125,8 

131 ,6 

149,6 

'  129,4 

86,0 

500 

238 

158,6 

167,0 

189,8 

163,4 

109,5 

'600 

232 

192,0 

203 

231 

198,2 

133.8 

700 

349 

226 

240 

274 

234 

158,2 

800 

407 

261 

277 

319 

270 

183.2 

300 

466 

297 

315 

364 

306 

209 

1000 

526 

.333 

353 

412 

343 

235 

I  too 

587 

369 

391 

460 

381 

262 

1200 

643 

405 

430 

509 

419  ' 

288 

1300 

711 

442 

469 

560 

457 

325 

1400 

774 

480 

508 

611 

496 

378 

ISOO 

837 

517 

1  548 

664 

535 

420 

1600 

900  _ 

: - 555 _ 

L  588 

-  7U_ 

_ 574 

448 

1  TOO 

964 

593 

”  628 

771 

613 

493 

1800 

1028 

631 

668 

826 

652 

522 

1900 

1092. 

670 

709 

881 

692 

570 

2000 

1  157 

708 

750 

938 

732 

600 

2100 

1222 

747 

790 

994 

772 

— 

2200 

1287 

832 

1061 

812 

— 

Key:  (1)  kcal/nn’.  (2)  kcal/kg. 


•1/  • 

,  ...  • 


TEIUIOCOAEPWAHHS  BOSAyXA  H  IlPOAyKTOB  CFOPAHHA  HA  I  xz  TBEPAbiX  H  HCHAKHX  TOHAMB  HPH  a  -  I 


PH  4^ 


I 


f  p  \  PaAoN 

iMeTpposAeiii« 

HaRMtiiontftre 

U)  Mapu 
a  copr 

TcMneparypa.  *C 

MccTopoxaeiiMfl 

lop 

1  300 

300 

400 

1  SCO 

€00 

1  700 

•00 

ooo 

1  COO 

1  100 

HcKOnacMue 

yr  jta 

194 

394 

599 

810 

1027 

1  250 

I  478 

1  711 

1948 

2  190 

2435 

I.  AohcukriI  (SaccegH 

A 

169 

340 

514 

692 

874 

1060 

1  249 

1  442 

1637 

1835 

2036 

2. 

232 

470 

714 

966 

1225 

1491 

1  763 

2041 

2323 

2612 

2904 

207 

416 

628 

845 

1067 

1294 

I  526 

1761 

2000 

2  242 

2488 

3. 

njK 

<1 

230 

467 

709 

959 

1217 

I  480 

1  751 

2026 

2307 

2  593 

2  883 

207 

416 

628 

845 

1067 

1  295 

1526 

1762 

2  001 

2  242 

2488 

/j 

251 

509 

774 

1047 

1327 

1615 

1910 

2211 

2517 

2829 

3145 

4.  • 

• 

n 

223 

458 

693 

932 

I  177 

1  428 

I  684 

1943 

2-207 

2474 

2  745 

5>-^ 

rioayaHTpa- 

250 

506 

770 

I  041 

I  321 

1607 

1  900 

2200 

2504 

2815 

3  129 

• 

UHT 

iLi 

223 

458 

692 

931 

1  176 

1  426 

1681 

1  940 

2  204 

2  470 

2  741 

AM  R  AC 

/« 

247  ' 

502 

763 

1033 

1310 

1  595 

1886 

2  183 

2  485 

2  793 

3  105 

6.  , 

4 

223 

458 

693 

932 

I  178 

1428 

1684 

1943 

2207 

2  474 

2  745 

2. 

• 

- 

APUl 

/? 

/•. 

233 

214 

472 

430 

718 

650 

972 

875 

1233_ 

1  105* 

1500 

1  340 

1  775 

1580 

2054 

1824 

2339 

2  071 

2627 

2321 

2922 

2  576 

«. 

« 

-• 

AtU 

n 

n 

229 

210 

465 

422 

707 

638 

957 

358 

1213 

1084 

1  477 

1315 

1  747 

1550 

2022 

1789 

2  302 

2  032 

2  587 
2  278 

2875 

2527 

9. 

I 

nriM 

150 

304 

462 

624 

792 

963 

1  140 

1319 

1  502 

1688 

1877 

1 

(iOom) 

UIjiru 

131 

264 

399 

536 

677 

821 

969 

1  118 

1270 

(423 

1  579 

10. 

206 

417 

634 

857 

1087 

1323 

1565 

1812 

2  063 

.2319 

2579 

‘1 

179 

360 

544 

■nz 

925 

1  121 

1322 

1526 

1  733 

1  042 

2  155 

f 

It.  KyiHfaxRA  CaccflH  ! 

AHNcepO'CviDKeHcxoe 

no 

261 

529 

304 

1  087 

1379 

1677 

1984 

2  298 

2614 

2  938 

3  266 

2! 

236 

475 

719 

967 

I  221 

1  480 

1748 

2015 

2  288 

2565 

2  846 

Key:  (a).  Enthalpy  of  ait  and  coaoustion  prcdocts  on  1  kg  of  solid 
and  liquid  propellants  nith  a=\,  (n  4-05.  (b) .  Eegicn  of  deposit. 

(c)  .  Designation  of  deposit,  (d) .  trand/aark  and  type,  (e) . 
Teaperatuce^  ®C.  (f)  .  Coal.  1.  Ccnets  basin.  (5a)  .  Carbonaceous  coal. 
(6a).  AM  and  AS.^11.  Kuznetsk  Basin.  (11a).  Aczhero-Sudzhenskiy. 
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HCKontCMU*  yr.iH 

1.  iloHCuKRA  (SaccetH 

2. 

3. 


5. 

6. 

7. 

a. 

9. 

10. 


II.  KyaMMil  OaecaiN 


(//A/) 

AaKtpO'^^yMtNeKOt 


a 

r 

njK 

T 


noayaHTpa- 

lurr 


\ 


M  H  AC 
APOl 
AUl 
nnM 
IUjum 

nc 


/? 

2683 

2  933 

3  137 

3  441 

369& 

3  957 

4217 

4  479 

4  741 

5003 

5  268 

2239 

2444 

2  631 

2  859 

3  068 

3  27S 

3488 

3701 

3  914 

4  129 

4  344 

3  199 

3  496 

3  799 

4  101 

4407 

4715 

5024 

5335 

5647 

5  960 

6273 

n 

2735 

2  986 

3  239 

3  493 

3  748 

4  005 

4  262 

4  522 

4782 

5044 

5  306 

3175 

3  47D 

3  771 

4  071 

4374 

4  679 

4  986 

5295 

3604 

5913 

6  225 

n 

2736 

2  987 

3  239 

3  493 

3  749 

4  005 

4  263 

4  523 

. 

4*83 
-  ■ 

5045 

5307 

/? 

5  464 

3786 

4  II3 

4.440 

4  no 

3103 

5  436 

5  773 

6  no 

6  446 

6  785 

n 

3017 

3  294 

3  373 

3  853 

4  135 

4418 

4  701 

4  989 

5276 

5  565 

5854 

3  446 

3  766 

4  093 

4  417 

4  745 

3  075 

3  407 

5  742 

6  077 

6411 

6  748 

3013 

3  290 

3568 

3  847 

4  129 

4412 

4  693 

4  982 

5  268 

5557 

5846 

*1 

3419 

3  736 

4  059 

4  381 

4  706 

5034 
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Shurab.  50.  Krasnoyarsk  cegicc.  (50a).  Kanskiy.  51.  A.  o. 

Khalcassitaya.  (51a).  Hinusinsk.  52.  Irkutsk  Cbl.  (52a). 

Chereakhovskiy,  53.  Bur yac-Boagclian  ASSF.  (53a).  Gcose-ozerskoe.  54. 
Chita  Obi.  (54a).  Tarbagatajskij,  (55a).  Chernovskiy.  (56a). 
Arabagarskiy.  (57a).  Bukachachitskiy.  59.  Khabarovsk  region.  (59a). 
Baychikhinskiy. 
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2326 

2  542 

2  762 

2  982 

3  220 

3  428 

3653 

3  879 

4  106 

4  333 

/2 

1  990 

2  173 

2  357 

2  541 

2  727 

2914 

3  101 

3  290 

3  479 

3  671 

/? 

2  498 

2  731 

2  968 

3  204 

3  443 

3  684 

3  926 

4  170 

4414 

4  659 

/2 

2  086 

2  278 

2  470 

2664 

2  859 

3  055 

3  351 

3  449 

3  648 

3  849 

n 

1614 

1  765 

1919 

2  073 

2  223 

2335 

2543 

2  702 

2  861 

3  021 

/2 

1  251 

1  365 

1  481 

1  597 

1  714 

1  831 

1  948 

2  067 

2  186 

2  307 

i 
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Page  183. 


Continuation  RN  4-05. 


73.  CapiToacxaii  oSx. 


75.  T  o  p  (t> 


77.  n  p  o  ■  a 


75.  K  0  X  c  n  a  a  .  a  a* 
.1  o  X  k 

7n.  MaavT 


raoacxaa 

- 

93 

73 

169 

148 

287 

223 

388 

3C0 

49? 

379 

599 

460 

709 

542 

821 

625 

935 

710 

1051 

796 

Kaiunxpcxof 

n 

n 

76 

57 

154 

US 

234 

173 

316 

233 

401 

294 

488 

357 

577 

421 

669 

485 

762 

551 

857 

618 

Caaaxkaacxac  {? 

72 

146 

222 

301 

381 

464 

549 

636 

725 

815 

4 

54 

108 

164 

220 

278 

337 

397 

459 

521 

584 

‘4eS) 

OaxaCkoe  v 

— 

*/ 

73 

56 

149 

110 

226 

167 

306 

224 

383 

283 

473 

343 

559 

405 

648 

467 

738 

531 

830 

595 

654-; 

Kycxoaoii 

1^. 

130 

264 

401 

542 

667 

837 

990 

1  147 

1  307 

1  470 

I 

95 

192 

290 

360 

492 

597 

703 

812 

922 

1  033 

1 

/?• 

116 

235 

357 

483 

612 

746 

883 

1  022 

1  165 

1  311 

^pciepHUt'i 

79 

160 

241 

324 

410 

495 

586 

676 

768 

861 

/? 

126 

255 

388 

525 

667 

812 

960 

1  113 

1  268 

1  427 

n 

S9 

179 

271 

364 

460 

558 

657 

759 

862 

966 

n 

211 

427 

650 

880 

1  116 

1358 

1607 

1860 

2118 

2381 

187 

376 

569 

765 

966 

1  171 

1  381 

1  594 

1  810 

2029 

Of  <2-; 

2763 

Maxoccp- 

365 

738 

1  121 

1  516 

1921 

2  337 

3  198 

3  641 

4  092 

XHCTUi) 

(  TOO'^ 

BucOKOcep- 

‘I 

325 

654 

989 

1  330 

1  680 

2  037 

2  402 

2  772 

3  148 

3  528 

n 

360 

728 

1  107 

1  496 

1895 

2  306 

2727 

3  156 

3  592 

4038 

aacTkiA 

'  * 

■321 

. 

646 

976 

1  313 

1658 

2011 

2  371 

2  736 

3  107 

3  483 

Key;  71.  Leningrad  Obi.  (71a).  Gdovskiy.  72.  Kuybyshev  Obi.  (72a). 
KashpirsKiy.  73,  Saratov  oti.  (73a),  Savel'e vskiy.  (74a).  Ozinskiy, 
75.  Peat.  (75a).  Cake.  (76a).  Hilling.  77.  Firevood.  78.  Coke  breeze. 
79.  Petroleun  residue.  (79a)  .  Lcu-sul£ur.  (80b) .  bigh-sulphur. 
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Page  184,  Continuaticn  EM  4-05, 


] 

71.  ^eanrpajtcxaii  oda. 

rAOscicoa 

- 

73.  Kyfl^umeacaaa  o6ji. 

KauinapcKOa 

- 

73.  CapaToacxaa  oA.i. 

CaaaakcacKoa 

— 

74.  .  . 

OaMMcaoa 

_ 

75.  T  0  p  (p 

- 

(j^p> 

KyoTSeoA 

76.  . 

OpaaepubiP 

77.  n  P  0  a  a  ! 

- 

- 

7S.KoKCoaai  v«. 

.  aoaa 

- 

(2^ 

79.  Maayr 

— 

Ma^ocep* 

flIICTUA 

aa  , 

Bucoaocap. 

uctwA 

/? 

1  289 

1  410 

1  53.3 

'1656 

1  780 

1  ‘306 

2  032 

2  159 

2256 

2414 

2  543 

/•, 

971 

1  060 

1  ISO 

1  240 

1  331 

1  422 

1  513 

1606 

1  698 

1  792 

1  884 

/; 

1  051 

1  ISO 

1  251 

1  351 

1  453 

1  556 

‘lGS9 

1  764 

1  863 

1  973 

2078 

754 

823 

893 

963 

1033 

1  lot 

1  175 

1  246 

1  313 

1  391 

1  462 

/? 

1  000 

1  094 

1  190 

1  286 

1  383 

1  480 

1  579 

1  673 

1  778 

1  377 

1  978 

713 

777 

843 

909 

976 

1042 

1  109 

1  177 

1  245 

1  313 

1  381 

/? 

1018 

1  114 

1  211 

1  309 

1  408 

1  503 

1608 

I  709 

1  310 

1912 

2014 

725 

792 

859 

926 

934 

1  062 

1  130 

1  199 

1  263 

1  338 

1  407 

/! 

1  804 

1  974 

2  147 

2  320 

2  405 

2  672 

2  849 

3029 

3  209 

3  389 

3  570 

n 

1261 

1  376 

1  493 

I  610 

1  728 

1846 

1  964 

2  084 

2204 

2  326 

2  446 

/? 

1  610 

1762 

1  916 

2  072 

2  239 

2387 

2  547 

2  703 

2  370 

3  032 

3  194 

1050 

I  146 

1  243 

I  341 

1  439 

1  537 

1  636 

1736 

1  836 

1  937 

2  037 

n 

1751 

1  916 

2  084’ 

.2  253 

2  423 

2  535 

2  768 

2  942 

3  117 

3  293 

3  469 

n 

1  178 

1  286 

1  395 

1504 

1  614 

1  725 

1  836 

1  948 

2  060 

2  173 

2  235 

n 

2916 

3187 

3  463 

3  738 

4016 

4  297 

4  578 

4  861 

5  145 

5  429 

5715 

n 

2476 

2  703 

2  931 

3  161 

3  393 

3  625 

3  857 

4  093 

4  328 

4  567 

4  802 

n 

5012 

5479 

5  954 

6  429 

6903 

.7393 

7  878 

3  368 

8  839 

9.330 

9844 

n 

4  304 

4699 

5097 

5  496 

5  899 

6302 

6706 

7  116 

7  526 

7941 

3  351 

n 

4  946 

5  407 

5  875 

6  344 

6817 

7  294 

7  774 

5  257 

8741 

9  225 

9  713 

n 

4  249 

4  639 

5  031 

5  426 

• 

5  823 

6222 

6  620 

7  025 

1 

7  429 

7  839 

8  243 

*  Daring  calculation  'J  for  toe  schists  the  coefficient  of  the 
expansion  of  carbonates  *,  vas  taken  egaal  tc  cne. 


KaMepMfaie  tohkh  apM  noanecuoA  o($MypoiiK€  ii  rM/ipas;iH4ecR0Sf 
yn^iOTiietfiiH  ui.iaKoooil  uiaxrbi,  KaMepu  c  )nhakm;<i  ui.iaxo- 
yAivieHiieM  h  aaMepu  faao*Ma3yTiibix  ronoK 


<t>ecTOM,  uinpMoa^  (1  ncperpesaTeab  h  ncp*)biA  KoreJibiiwA  nyaoK 
KOTAOa  (SOAbUloA  n  CpCAHCA  npOiOdOAHTCJIbHOCTH 


riepauA  Kore^ibHwA  nyqoK  kot.ioo  D^\2  /a  vac 


BropoA  if  tp«thA  KoreAbHua  nyqKH  xotaos  do.ibuioA  m  cpeA* 
HeA  npOHSBOAHTeAbUOCTIf 


BropoA  KorcAbHuil  nyqoK  rotaos  0<12  m.iac 


rasoxoA  nanerpaaare.ifi 


fasoxoA  BTopHRMoro  neperpeaareAx  h.ih  qacTH  nepBHaHoro,  pacnoAOMBHitoA  •  roh> 
•ckthbhoA  uiaxre 

I  ..IS 


r«M«ojt  ncpexoAMOfl  johu 


npH  njiiocTyneiKiaTOM  Buno;iiieHHH 


ripii  ARyaeTynciiMaTOM  ■unoaiieiiHii  ii*  kbik- 

jyio'cTyneiib 


CTB.ibHue  j.«eeB».'.08hie  iCOHovt^Kpa  xor.ioB  D 


•lyryHHbiB  BKOHOuail3cpbi  ,  ' 


npH  PByxCTyneilHBTOM  Buno-IIICHIIH  HI  KBHC- 
ayn  cTyneHb 


naacTHiiHtTue  |  11 pu  oaiiocTyneiiHBTOM  Bbino.iiieiiHp  (A  . 


MyryHHbie  |  Hi  peflpHCTux  rpyll,  iii  KBHcayio  cryncHb 


^7) 


BjieKTpOCpHBbTPN  ) 


UHKaoiiiluB  joaayanaiiTCJiH  hbh  cnpyASepM 
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FACE  JPT 

Key:  (1).  Suctions  of  aiz  xo  the  flues  of  bciler  aggzegates/units. 

(2).  Flue.  (3).  Value  ct  sucticc.  (4).  Furnace  cbaeber/caaera.  (5). 

Chanber  furnaces  ,when  ccaaco  bricking  and  hydraulic  seal  of  slag 

aine/shaft  is  absent,,  and  also  layer  heatings.  (6).  Chanber  furnaces 

with  suspension  brickirg  and  hydraulic  seal  ct  slag  nine/shaft, 

chanber/caaera  with  liquid  slag  renoval  and  chanber/c^aera  of  gas-cil 

heatings.  (7)  .  Flues  of  boiler  bundles.  (8) .  Scallop,  screen 

superheater  and  first  bciler  hurdle  of  bcilers  cf  large  and  average 

efficiency.  (9).  First  bciler  bundle  cf  boilers  0^12  t/h.  (10). 

Second  and  third  boiler  bundles  cf  boilers  cf  large  and  average 

efficiency.  (11).  By  the  seccnd  bciler  bundle  cf  boilers  1X^12  t/h. 

(12).  Flue  of  superheater.  (13).  Flue  of  secondary  superheater  or 

part  cf  priaary,  arranged/located  in  convective  aine/shaft.  (14). 

Flue  cf  transient  zone.  (15).  Flues  of  econciizers.  (16).  steel 

continue us'-tubes  econoiizar  cf  bcilers  of  large  and  average 

efficiency.  (17).  uith  single-stage  execution.  (18).  With  twe-stage 

execution  to  each  step/stage.  (19).  Steel  continuous-tubes  eccnonizer 

cf  boilers  0^12  t/h.  (2C).  Cast  iren  econonizers.  (21).  air 

preheaters.  (22).  Tubular.  (23).  with  single-stage  execution.  (24). 

with  two-stage  execution  to  each  step/stage.  (25).  Lanellar.  (26). 

Cast  iron.  (26a).  Frca  the  finned  tubes,  to  each  step/stage.  (26b). 

Fron  the  ribbed  slabs.  (27).  fiegenerative.  (28).  Ash  catchers.  (29). 

Electric  filters.  (30).  Cyclonic  ash  catchers  or  scrubbers.  (31). 
Built-in  louvered  ash  catener.  (32).  gas  conduits  (to  10  running  a). 


(33).  steel.  (34).  Brick  flues 
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Page  186. 

Calculation  of  a  quantity  oi  air«  which  emerges  from  the  air 
preheater.  BN  4-07. 

The  ratio  of  a  quantity  of  air  at  the  cutput/yield  from  the  air 
preheater  to  thecretically  necessary  is  deteriined  from  the  fcrmula 

(««  ”  ~  -^1. 

where  «.  -  excess  air  ratic  ih  the  heating,  determined  in  BN 

5-02-5-05; 

■^.1  -  suction  of  air  it  the  heating,  determined  on  BN  4-06; 

X..,  -  value  of  the  suction  of  air  in  the  dust-preparatory 
installation,  referred  tc  the  theoretically  necessary  quantity  of  the 
air;  in  general  it  is  designed  in  accordance  with  indications  p. 4-17. 

In  the  absence  of  the  calculation  of  dust  preparation  values 
K..,  are  accepted  on  the  fcllcwing  table. 
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tAGE 


£XU> 


dveraga/aean  values  for  different  systees  of  pulverized  coal 


preparation. 


XapeRTepHCTNM  nu.iccecr«Mw 


,  I.  Cmctcvu  c  uiapoauMit  OapadaHHWuM 
M  e  .1  b  H  H  u  a  M  H.  ii  H  a  II  s  If  A  y  a  .1  b  II  a  a  c  x  e  m  a 
cnu.ieauM  QviiKepoM* 

1.  npH  cyuiKe  ropaatM  noJiyxo  t  ifa  rrepnoA  >(  BTopoA  cryneiieA 

aosAytorroJorpeiureAfl  hjih  c^ccbto  rapaqero  aoaayxa  c  peuiip* 
Kyaiipyioui'i’f  are.iro'd.  Ton  iiiao  KaMeaitua  yrati . 

2.  To  aie,  MTO  n.  I.  ronaiiao  ^dypue  vf.m  yMCpeimoA  BAa>KiiocTit 

3.  ripN  cyiuKe  C4ecbo  ronoanbix  rasos  e  ropaaan  aojAyxoM»  a 

raxace  nu.iacHcreaa  c  npeiax^mqeH.foA  rpydoA^cyuitiAKoA  irpa 
cvu:«  ABy-ta  cyuiH.xbauviii  ncTota^M,  cocToatuH.'aH  na  c-necR 
ronoRHMX  raaoa  tt  ropaaero  nosAvxa  .  .  .  . . 


nhiaacHcreaiw  c  uiaxTithiMH  MBAbiiNuaMH 
at  fjpu  cjicnzaHua  dypux  yzAeH 


0«75  m/nac 


KOT.1M  V5l 
0>75  mf<Mt 


<.  Cymaa  ropaaHR  bojavnom .  0,03 

5.  Cyuixa  CMecbfo  ropaaero  aoaavxa  h  ronoxHux  raaoii .  f  0  05 

(¥>  i)  fl/ia  cjieiitamiu  komchhhx  t/z/ici 

«».  Cyui'ia  ropaMHx  aojayxo.i .  0.02 

7  Cyuixa  ropaqHM  aoMyaox  c  npHcajKoA  xo.ioaHoro  BOPflv**  .  .  0,04* 

!<  (II.  C  p«  ane  no  A  HU  «  utAbHMuu . 0.D3 

0.  IV.  n  H  e  a  SI  0  M  e  .1  k  H  H  u  u .  0,08 

III.  V.  GUCTpOXOAHUa  OM.IhHNa  MC.IkllHAU.  .  ,  .  0,06 

Key:  (a).  Characteristic  of  dust  system,  (b)  .  Bcilers  D<75  t/h.  (c) . 
I.  Systems  with  the  spherical  rartlers,  individual  diagram  with  the 


dust  hopper  > « 


FOOTNOTE^  the  diagram  cf  pulverized  coal  preparation  with  the 
straight/direct  injectict  of  value  are  icltiplied  by  coefficient 

0.8.  ENDPOOTNOTE. 


(1).  With  drying  by  hot  air  from  first  and  secondary  air  heaters  or 
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by  nixtare  of  hot  air  txca  recirculating  agent.  Fuel/propellant  - 
coals.  (2).  The  sane  as  p.  1«  f uel/propellant  -  brown  coal  of 
■oderate  hunidity.  (3) .  bith  drying  by  mixture  c£  flue  gas  frea  het 
air«  and  also  dust^systei  with  series-connected  duct-  desiccator  with 
drying  by  two  drying  flcws«  wnich  consist  of  fixture  of  flue  gas  and 
hot  air.  (d) .  II.  Dust-systeis  with  the  unit  type  nills.  (e) .  During 
conbustion  of  brown  coal.  (4).  Drying  by  hot  air.  (5).  Drying  by 
■ixture  of  hot  air  and  flue  gas.  (f ) .  During  cenbustien  of  ccals. 

(6) .  Crying  by  hot  air.  (7)  .  Cryrng  by  het  air  with  additive  cf  cold 
air.  (8).  III.  nediun-speed  aills.  (9).  IV.  Fne nao-nills.  (10).  V. 

High-speed  banner  nills. 


FOOTNOTE  2.  fhe  value  cf  the  additive  of  cold  air  is  calculated 
separately  and  it  is  acjcined  tc 


ENDFOCISOTE 
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Page  187. 

The  heat  balance  of  boil€c  acgregate/unit.  f^N  ^-0{  , 

1.  Available  heat  cf  fuel/ (ccpellant: 

<?;- of +  +  '«.  +  '3,-'3-  kcal/kg; 

foe  gases  of  different  f ue I/^ropellant 

9^*9. kcal/Qfl^# 

-  heat,  introduced  fcith  tie  ectering  the  toiler  aggregate/unit 
air  during  preheating  cf  the  latter  out  cf  the  aggregate/unit, 
kcal/kg  or  kcal/nm^; 

-  physical  heat  of  fuel/ prct-ellant,  kcal/kg  cr  kcal/na^;  in  the 
absence  of  the  extraneecs  preheatang  of  fuel/propellant  value  <«..  is 
considered  only  vith 

4,  -  the  heat,  introduced  rnto  the  aggregate/unit  by  stean  which 
proceeds  with  blasting  and  pulverization  kcal/kg. 

-  the  heat,  E?r)ent  on  deconposition  of  carbonate^i  kcal/kp. 
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2.  Heat  loss  with  stack  gases 

',M  •  enthalpy  of  stack  gases*  kcal/kg  cr  kcal/na^; 

'V.  -  enthalpy  of  theoretically  necessary  quantity  of  air,  kcal/kg  or 
kcal/ne^;  temperature  cl  ccid  air  takes  as  equal  to  30<’C. 

3.  Heat  loss  frca  cteaical  incoapleteness  cf  ccabustion  93  is 
detareined  on  RN  5-02- f-t5. 

4.  Heat  loss  free  eechanical  incoapleteness  of  cenbustien  is 
deterained  on  BN  5-02-5-05  or  p.  5-09. 

5.  Heat  loss  frca  external  ceding  95  fer  stationary  boiler 
aggregates/units  is  accepcea  cn  gcaph/curve. 
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The  rated  stean  capacity  oi  teller  - 

Key:  (1).  Strictly  bciler  witheut  the  tail  surfaces.  (2).  Boiler 
aggregate/unit  with  tail  surfaces.  (3).  t/h. 

Hith  the  loads,  whaca  differ  froa  ncninal  it  is  sore  than  by 
25o/o,  value  gg  is  ccunted  ever  according  tc  the  foraula 

ot  -  “zr  %• 

Coefficient  of  the  reteiticn/preseivatior/nialntaining  the  heat 

I 

’“'“lOO- 

6.  Loss  with  physical  heat  of  slags 

“■4 

mA  " 

where  «„«>-“/-  is  deterixaed  cn  hh  4-01; 

.  enthalpy  of  ash  and  slag,  determined  or  BN  4-04,  kcal/kg. 


Page  188 
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The  teaperature  of  slags  wita  the  dry  slag  rencval  takes  as  the 
equal  to  600°C,  and  with  the  liquid  •  teapeiature  of  the  fluid  state 
cf  ash  plus  of  100®C. 

During  the  chamber  canbcsricn  with  dry  slag  rencval  it  is 

considered  only  with 

lOU* 

During  the  layer  ccibusticn  or  schists  instead  of  a'  is 
substituted  value  /<'+o.^(CO,);  %. 

7,  Heat  loss  to  ceding  cf  net  connected  with  circulation  of 
boiler  panels  and  beans/gullies 

q..»  , 

q;  ^ 

-  heat  absorpticc  tc  1  cf  beam-receiving  surface  of 
beams/gullies,  taken  uscally  (w)„  kcal/n^h; 

-  beam-receiving  surface  of  beans/gullies  and  panels,  m^;  for 
latter  is  considered  ocl}  lateral  surface,  cctverted  into  heating. 

3.  Total  heat  loss  in  bciler  aggregate/unit 
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Efficiency  (efficietcy)  of  teller  aggregate/unit  (gross  weight) 

V..-  100-14%. 

9.  Total  quantity  cf  heat,  usefully  returned  in  boiler 
aggregate/unit, 

"*  “*  ^n.*)  + 

+  9«da  KKOAltac.  0^ 

Key  :  ( 1)  .  kcal/h. 

"d.  -  quantity  of  aanufactured  superheated  stean,  Icg/h; 

'd.d  -  enthalpy  of  the  superheated  stean,  kcal/kg; 

-  enthalpy  of  feed  water  co  the  entrance  into  the  aggregate/unit, 
kcal/kg; 

-  quantity  of  the  saturated  steam,  returned  besides  the 
superheater,  kg/h; 

-  expenditure  oxen  for  the  blasting  cf  the  boiler;  is  considered 
with  the  value  of  blastrcg  cf  acre  than  2o/c,  kg/h; 


'eiKM 


-  enthalpy  of  water  at  a  telling  point,  kcal/kg; 
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Omn  ~  expenditure/consuipticn  of  stean  through  the  secondary  of 
superheater,  Icg/h; 


and  -  enthalpy  of  the  secondary  steao  at  the  entrance  into 

the  superheater  and  cn  leaving  frca  it,  kcal/kg: 

•  heat  absorption  of  the  eater  or  air,  preheated  in  the  toiler 
aggregate/unit  and  Icosered  tc  the  side,  kcal/t. 


10.  Consuaption  of  fuel,  supplied  tc  heating. 


a 


Jcg/t. 


Calculated  consunpticn  cf  fuel 


a,- a 


kg/h. 
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Page  189. 

Design  chacacteristics  ci  chaitec  furnaces  Mith  the  dry  slag  reaoval 

*.  UN  5-oa . 

FOOTNOTE  The  led  in  Bli  characteristics  of  pulverized  coal  and 
nine-  nill  heatings  are  grven  rcr  installaticcs  with  the  closed 
diagraa  of  dust  preparation.  For  guaranteeing  the  characteristics 
indicated  the  fineness  cf  dust  lust  ccrrespcnd  to  the  reccBnendations 
of  standards  of  pulverized  coal  preparation. 

In  the  extended  diagraa  cf  pulverized  coal  preparation  are 
accepted  the  following  characteristics: 

a)  the  excess  air  ratro  in  the  heating:  fcr  the  Volga  schists  in 

Billed  peat  fcr  brcwn  coal 

b)  value  gj  *  the  saae  as  for  the  closed  diagraa; 

c)  value  q4  in  size/diaensicn  of  50c/o  frca  values  of  q4  for  the 


closed  diagraa 
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Key:  (1).  Type  of  heaticc.  (2).  Designation  cf  fuel/propellant.  (3). 
Excess  air  ratio  in  heating.  (4) .  teraitted  accoiding  to  coatusticn 
conditions  thermal  stress  oi  furnace  cavity  flQj^V^>/0*,hcal/B^h,  (5)  . 
Heat  losses.  (6) .  froa  chealcal  incoapleteness  cf  ccabusticn  gj,  o/c. 
(7) .  froa  aechanical  inccapleteness  of  ccabustion  ^  o/o. 

FOOTNOTE  During  planning  of  tellers  D>50  t/h  with  the  increased 
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against  those  indicated  in  the  table  theroal  stresses  of  furnace 
cavity  (but  not  aore  than  tc  15c/c)  or  fcr  the  increased  against  the 
tabular  values  ash  content  of  the  fuel/propellant  of  value  g^  are 
accepted  the  same  as  fcr  tellers  1450  t/k.  ENCFCCTNOTE. 

(8).  Boilers  0>50  t/h.  (9).  Pulverized  coal.  (1C).  Anthracite  fines*. 

FOOTNOTE  ♦.  Values  g*  are  given  fcr  the  heatings  with  the  supply  tc 
dust  by  hot  air  and  inclined-hcrizcntal  hearth  for  the  liguid  slag 
renoval  (also  with  the  heated  funnels):  in  the  heatings  with  the  cold 
funnels  g4  by  lo/o  it  is  higher.  fhDFCOTNOTf. 

(11).  Carbonaceous  coal*.  (12).  Lean  coal.  (13).  Coals.  (14). 
By-product  coal.  (15).  Brown  coal.  (16).  Uine-Bill.  (17),  Schists 
Gdovskiy  and  Estonian).  (18).  Schists  (Volga.  (19).  Hilling  peat. 

(20).  Pneuaatic  TsKTI  systea  of  Shershnev.  (21).  Shielded.  (22). 
Petroleua  residue,  natural  and  petroleum  gases.  (23).  Not  shielded. 
(24).  Torch  combustion.  (25).  Blast-furnace  gas.  (26).  Flaceless 
combustion  (for  boilers  C420  t/h>. 


FOOTNOTE  3,  por  boilers  D>35  t/h;  with  D<35  t/h  of  value  g^  they  are 
accepted  to  2o/o  above. 
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*•  For  by-product  coal  tioa  value  of  are  accepted  to 

C.  5o/c  above. 

For  boilers  0^20  t/h;  with  C<i0  t/h  value  g^  it  increases  by 
1-20/0  and  qj  by  1-20o/c.  With  C<b.5  t/h  is  accepted  -..-iJ  and 
BoSiv^  .  mo.iin  kcal/m^h. 

*.  For  boilers  D46.5  t/h. 

For  autoeated  boilers  with  the  presence  cf  pressure  regulator  of 
gas  before  each  boiler  is  adiissible  decrease  tc  1.  1. 

•.  For  natural  gas  with  oI>9'wi  kcal/nm^  of  value  gj  are  accepted  to 
0. 5o/o  above. 

During  Increased  pressure  beads  of  blasticg  and  use/applicaticn  of 
special  registers  of  theraal  stress  of  heatings  can  be  increased 
several  tines  without  rcductico  in  ef ficiency/ccst-ef fectiveness  of 
burning  process. 

>0.  In  the  unshielded  heatings  is  adnissible  fcr  the  prctecticn  of 
bricking  the  increase  tCFCClNCTE. 
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Pages  190-191. 

Design  characteristics  cl  layer  aechaoical  and  senioechanical 
heatings  RN  5-03. 

FOOTNOTE  Characteristics  relate  to  crushed  series  brown  and  coals 
and  anthracite  with  the  ccntent  ct  trifle  0-6  Bn  not  more  than  55o/c 
and  by  the  aaxiauo  size  ci  pieces  iO-40  na.  The  conbustion  of 
fuel/propellant  with  the  ccntent  cl  trifle  cf  noze  than  55o/c  in  the 
layer  heatings  is  not  recoaaenaed,  since  in  this  case  noticeably  is 
raised  g4,  especially  Icr  AfiSh.  ENCFOOTNCTE. 
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Key:  (1).  Designation  cf  values.  (2).  Designation.  (3). 

Ciiensionalit y.  (4).  Heatings  with  chain  grate.  (5).  Brown  ccal  of 
type  of  Chelyabinsk  ones,  (h)  .  Nonsintering  ccals  of  type  D  and  G. 
(7).  Hildly  sintered  ccals  of  type.  (8).  Anthracite.  (9).  and.  (10). 
Hine-chain/catenary  teatang.  (10a).  Peat  of  cake.  (11).  Heatings  with 
chain  grate  and  throw/ejcess/cversbcot  of  fuel/propellant  to  layer. 
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(12).  Brown  coal.  (13).  type  cf  Moscow  ones.  (14).  type  of 
Chelyabinslc  ones.  (15).  Ccals  s.  (16).  Heatings  with  poking 
bar/plate.  (17).  Heatings  with  spreaders  and  fixed  bed.  (18). 
Anthracite.  (19).  Heatings  xnclined-f oil  shaking  grates.  (20).  Brcwn 
coal  s.  (21).  Estonian  and  Gdowskiy  schists.  (22).  Mine  heatings. 
(23).  Peat.  (24).  High-speed/bich-welccity  are  thin.  (25).  Chopped 
chips.  (26) .  Crushed  sittings  and  turnings.  (27) .  Heating  with 
inclined  grate  (Finnish).  (28).  aocd  withdrawals/departures  and 
filings.  (29).  Seen  thexial  stress  of  oirrcr  cf  combustion.  (30). 
kcal/m*h.  (31).  Seen  tbermal  stress  of  furnace  cavity  *. 

PCCTMOTE  *.  9hen  afterburner  is  present,  ccaputed  value  of  the 
thermal  stress  of  furnace  cavity  can  be  somewbat  increased. 
ENDFJCTNOTE. 

(32).  kcal/m^h.  (33).  Excess  air  ratio  in  heating.  (34).  Loss  from 
chemical  incompleteness  cr  cobcsticn  3. 

FOOTNOTE  For  the  heatings  with  the  moving  layer  the  values  cf  less 
gj  are  given  in  the  presence  cf  secondary  blasting.  ENDFOOTNCTE. 

(35).  Loss  from  mechanical  ince spleteness  cf  cembustion.  (36). 

Content  of  fuels  in  slag  and  tailure/dip/trcugh .  (37) .  Content  of 
fuels  in  escape.  (38).  share  of  asn  of  f uel/prcpellant  in  slag  and 
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failuce/dip/trough.  (39)  .  Share  or  ash  of  f uel/propellant  in  escape. 
(40).  Air  pressure  under  grate.  (4l).  Teeperature  of  blast  air 

PCCTNOTE  Indication  about  tie  teaperature  cf  blast  air,  equal  to 
25°C,  is  given  for  those  cases  khen  preheating  air  is  undesirable  on 
conditions  of  the  worlc  cf  grate  bar  fabric.  ESDPCCTNOTE. 

(42)  .  aa  HjQ. 


POOTMOTE  ♦.  Saaller  values  -  tor  the  boilers  with  DOS  t/h. 

*.  Saaller  values  -  fcr  boilers  with  D<2C  t/h. 

Saaller  values  for  boilers  witn  D<10  t/h.  Feference  area  cf  the 
airror  of  coabustion  is  defined  as  product  frca  the  distance  froa  the 
hearth  of  aine/shaft  tc  the  oarrouing  to  its  width. 

*.  For  cannel  coal  is  allowed/assuaed  preheating  air  to  ISO'^C. 


♦.  It  is  accepted  tentatively.  EKDEOOTNOIE 
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Page  192. 


Design  characteristics  c£  layer  neatings  with  the  rigid  lattice  and 
the  aanual  throw/excess/cvecshcct  c£  fue  1/pxcpe llaat.  RN  5-0‘«. 
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Key:  (1).  Designation  ct  values.  (1).  Designaticn.  (3). 
Dieensionality.  (4).  Brcta  ccal.  (5).  i^un-of-iine  ccals.  (6). 
Anthracite.  (7).  Privates  eitn  acderate  ash  content  and  huaidlty  (cf 
type  of  Chelyahinstc  cues).  (8).  series  hunid  ash-rich  (type  cf  xosccw 
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ones).  (9).  sorted  (type  iloscow  ceyion)  .  (10).  s.  (11).  lean.  (12). 
sortad  AS  and  AM.  (13).  Visible  stress/vcltage  cf  nirror  of 
coabustion.  (14).  Iccal/i^b.  (15).  Fernitted  theraal  stress  of  furnace 
cavity.  (16).  kcal/a^h.  (17).  Excess  air  ratic  in  heating.  (18).  Loss 
free  chenical  incoapletecass  of  ccxbusticn  >. 

FOOTMOTB  1.  Talcing  intc  account  the  soot  foliation.  ENDFOOTNCTE. 

(19).  Loss  from  mechanical  ince spleteness  of  ccubusticn.  (20). 

Content  of  fuels  in  sla^  and  tailuce/dip/trcugh.  (21).  Content  of 
fuels  in  escape.  (22).  Share  cr  asn  of  f uel/prcpellant  in  slag  and 
failure/dip/trough.  (23).  Share  cf  ash  cf  f oei/prcpellant  in  escape. 
(24).  Air  pressure  under  grate.  (25).  an  HjC. 
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Page  193. 


Design  characteristics  cf  liguid-tath  furnaces^.  BN  5-Oi, 


1 


POCTNOTB  In  connecticD  uica  the  liaitedness  cf  data  on  the 
liquid-bath  furnaces  given  in  present  RN  data  should  be  considered  as 
the  tentative.  For  the  heatings  with  an  inclined-horizontal  hearth 
for  the  liquid  slag  reecvai  (eith  the  heated  funnels)  the  design 
characteristics  are  received  by  tne  sane  as  fcr  the  heatings  with  the 
dry  slag  removal,  with  exce^ticn  ESDFCOTNOTE. 

The  magnitude  of  losses  of  heat  from  the  chemical  incompleteness 
cf  combustion  q3  for  the  single-chamber  heatings  is  received  by  the 
sane  as  for  the  heatings  with  the  dry  slag  removal,  on  RN  5-C2.  Fcr 
tvo-and  the  nultichamber  neatings  and  cyclonic  type  heatings  g^-O. 

Magnitude  of  losses  from  the  mechanical  incompleteness  cf 
combustion  q4  is  decreased  in  ccmparison  with  that  recommended  for 
the  heatings  with  the  dry  slag  removal  proportional  to  a  change  of 
the  share  of  ash  in  the  escape  -  BN  4-01. 

Remaining  characteristics  ace  accepted  cn  the  table. 
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Key:  (1).  Type  of  heating.  (2).  Excess  air  ratic  at  the  end  cf 
heating.  (3) .  Relaticnsfcap/ratic  tetween  therial  stresses  of  volume 
0^  heatings  with  liquid  and  dry  slag  remcval*. 

PCCTNOTE  ».  The  thereal  stresses  ot  the  voluire  cf  heatings  with  the 
dry  slag  removal  in  depenaang  ci  the  type  of  f uel/prcpellant  are 
accepted  on  RN  5-02.  EMECCINOIE. 

(4).  Share  of  ash  of  f uel/propellant,  taken  away  by  gases.  (5). 
Single-chamber  heatings,  (o) .  Among  other  things  pinned  zone  of 
shields.  (7).  Two-chamber  heatargs.  (8).  Among  ether  things  first 
chambers/cameras.  (9).  heatangs  with  high  slag  removal.  (10). 
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CAGE 


Sizes/dioensions  ace  selected  tbecnal  stresses  of  section/cut, 
equal  to  (15-16)  10*  kcal/o^h.  (11).  precoatusticn  chambers  cf 
heatings.  (12).  Among  ether  things.  (13).  cyclonic  pcecombustion 
chambers.  (14).  Then  on  thermal  stresses  of  section/cut,  equal  to 
(12-13)  10*  kcal/m2h. 


POCTNOTE  2.  The  excess  air  catic  at  the  cutput/yield  from  the  heating 
(from  the  second  chamber/camera  cr  cooling  chamber)  is  determined 
taking  into  account  the  suctlcn  xn  these  chamters/cameras.  The  value 
of  suction  is  determined  cn  BN  4-06. 

♦.  For  ASh  -  upper  limit.  ENDfCCINCTE. 
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The  calcalatiOQ  of  heat  excoaage  in  the  heating.  BN  6-01. 

The  temperature  of  gases  at  the  output/yield  from  the  heating  is 
determined  on  ncnogran  I. 

Note.  The  pneumatic  nestings  c£  TsKTl  the  system  of  Shershnev 
with  the  shielded  ejectcx  funnels  and  anthracitic  layer  heatings  are 
designed  net  cn  nomograi  £«  tut  according  tc  formula  (6-04) . 

For  using  nomogras  I  is  calculated  talue 

^  kcaV't. 

'J,  -  a  calculated  ccnsuipticn  cf  fuel,  kg/h  cr  nm^/h; 

'3™  -  useful  heat  release  in  the  heating,  tcal/kg  or  kcal/nm^j 

+  iicaAlKt.ff) 

Key:  ( 1)  .  kcal/kg. 

0^—  available  heat  of  fuel/prcpellant ,  kcal/kg; 

gj  and  g«  -  heat  loss  frem  the  chemical  ince k pleteness  of  combustion, 
with  the  physical  heat  cf  slags  and  the  cooling  water,  o/o: 
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<7....-  the  heat,  Intrcduced  nitb  the  coning  the  aggregate/unit  air 
during  its  preheating  cut  of  tns  aggregate/unit,  kcal/kg; 

'I ~  heat  of  the  rec iiculatrcg  gases,  considered  only  in  the  case 
of  return  into  the  heating  c£  part  of  the  gas,  selected  not  cf  the 
heating,  but  fron  subssguent  flue,  kcal/kg; 

<?•  -  heat,  introduced  into  the  beating  ty  air,  kcal/kg: 

<7. C'  + 

4- KKaAin.O'^ 

Key:  (1).  kcal/kg, 

and  -  value  of  sucriocs  in  heating  and  systen  of  the 

pulverized  coal  preparations,  deternined  on  EN  4-06  and  4-07; 

I”.,  and  /J"  -  enthalpy  ct  Che  theoretically  necessary  quantity  of  air 
cold  and  at  the  output/yield  fccn  the  air  preheater,  taken  on 
Id-table,  kcal/kg. 

The  contaainaticn  factor  cf  the  beat-abscrbing  surfaces  S, 
bean-receiving  surface  and  enissivity  factor  heating  «« 

are  deternined  on  RN  6-02. 
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'  Page  194, 

i 

I 

The  theoretical  tea^erature  oi  coabusticc  *,  °C  is 
deterained  fron  an  lA-takle  in  the  value  of  useful  heat  release  in 
heating  kcal/lcg  and  according  to  the  excess  air  ratio  in  heating 
The  quantity  of  heat«  txansaitted  in  the  heating  on  1  kg  (na^)  of 
fuel/propellant. 


=  acal/kg, 

a  -  coefficient  of  the  retenticn/preservaticn/aaintaining  heat  in  RN 
5-01; 


-  enthalpy  of  gases  at  the  cutput/yield  froa  the  heating, 
deterained  froa  an  la-tatie  in  tecas  of  values  and  kcal/kg. 

During  the  rational  design  frca  noacgraa  I  [  for  the  pneuaatic 
heatings  of  shershnev  eltn  the  shielded  ejectcr  funnels  and  the 
anthracitic  layer  heatings  -  according  tc  the  fotaula  (6-03)  is 
deterained  eaissivity  factor  of  beating  fcr  vhich  preliainarily 
should  be  assigned  the  value  cf  ceaa- receiving  surface  B;  value 
“m  with  the  help  of  RH  fc-Oz  is  deterained  value  The  disagreeaent 
cf  that  accepted  and  deteraioeu  values  ff,  aust  not  exceed  j;5c/o. 
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FAGB  ^  . 


^he  deterainatlon  of  enassxvxty  factor  of  heating.  BN  6-02. 


Enissivity  factor  cf  shieided  chamber  furnaces  is  determined 
cn  the  following  graph: 


o  0,1  n3  a*  ns  0.0  o.f  no 


Page  195, 


Bmlsslvity  factor  ct  tae  cheater  furnaces  in  which  the 
team-receiving  surface  is  arranged/located  net  mere  than  on  two 
limiting  heating  planes,  is  designed  from  the  fcraula 
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E£G£  ^ 


Baissivity  factor  of  layer  heatings  is  detereined  free  the  fcraula 

0.82la^  +  (l-a,)M’l 

*«-  i_(i_  *';)(! -Hi')(I_a^)  . 

~  efficient  eeissivity  tacter  cf  the  flame: 


The  ?alaes  of  coefficient  ^  are  determined  cn  the  table. 


^  RJMIMltll 

% 

^^ccBCTruicecii  njifiwH  npH  oKKraifHM  rasoodpasNux  ronjina,, 
a  TaaiKe  npH  caceeoM  n  (taaejiaHo^cnoeBOM  OKHra*  1 
>  HiiN  aHTpauHTOB  It  TotUHX  yrjieA  .  .  . 

>.00 

CaeTameeca  naaMN  npn  cmitraMiiN  xtHAKHx  ronaiiB  .  . 

0,75 

^CBCTamcecii  na.M.  npii  cxiHr.i'NH  nepjiux  TonjiNS, 
(Soraryx  ji.tj.hmh,  h  noxycBCTamceea  njaya  npn 
xa.fpioH  cwar.Haa  akTpauaroa  ■  touhx  yrxal 

0,65 

Key:  (1).  Fora  of  flame.  (2).  Ccetiicient.  (3).  Ncnluminous  flame 
daring  combustion  of  gaseous  fuels,  and  alsc  during  layer  and  torch- 
layer  combustion  of  anthracite  and  lean  coal.  (4).  Luminous  flame 
during  combustion  of  liguid  propellants.  (5) .  Lumincus  flame  during 
combustion  of  solid  fuels,  rich  in  volatile  ccipcnents,  and  full  heat 
during  chamber  combusticn  of  anthracite  and  lean  coal. 


a  -  emissivity  factor  cf  medium,  kbich  fills  the  heating;  is 
determined  on  nomogram  il  in  depending  on  the  value  cf  product  Kps. 


For  the  heatings  vita  the  luminous  flame  during  the  comfcusticn 
of  liguld  propellants  anc  sclid  fuels,  rich  in  volatile  compenents. 
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EICE 

with  s>2. 5  ■  is  accepted  a- 1  aad  value  k  deteraioed  east  not  be. 

k  -  coefficient  of  veakening  xays/beans  in  the  flane: 

a)  for  the  nonlueincus  fiaae 

b)  for  the  luoinous  fiaae 

T'm 

*  “  I  uuo 

c)  for  the  full  heat 

*  "  V.  + 

and  *«  -  the  coefficients  cf  heakening  rays/teais  by  triatoaic 

gases  and  incandescent  partacies  or  the  ash;  are  determined  co 
noncgrams  IX  and  X; 

»'»- ''hk>+ •’no,  -  total  voluae  fracticn  of  the  triatcaic  gases; 

M  -  ash  concent raticn  rn  the  coabusticc  products,  determined  on 
the  excess  air  at  the  end  of  the  beating,  g/ti^; 

s  -  efficient  thickness  ct  raciatioc  layer,  n; 

1  •  3.6  ^  *; 

>  volume  of  furnace  chaaber/camera,  determined  on  p.  6-13  in 
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accordance  with  BH  6-03,  ■*; 

fc«- -  f all/total/conplet€  surface  cf  the  walls  of  heating,  b*. 

Degree  of  the  shielding  of  the  heating: 

a)  for  chamber  furnaces  ^-7^. 

b)  for  layer  heatings  ♦' -  f- -  ^  ■ 

B  -  area  of  the  airrer  cf  coabusticn,  b^. 

Pacaaeter 

The  beaa-receiving  surface  cf  heatirg 

H,  -  lF„x 

-  the  area  of  wall,  cccupied  with  shield,  a*; 

X  -  angular  coefficient;  it  is  deteiBined  co  the  following 
indications:  for  the  plain-tube  shields  -  on  Fig.  2  present  EN;  for 
the  pinned  and  fin  shields,  the  snields  with  cast  iron  plates/slabs, 
and  also  the  boiler  beaos,  the  screen  surfaces  cf  heating  and 
scallops  x-1. 
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FACE 


During  the  detecainatico  ot  the  quantity  c£  heat, 
through  the  scallop  or  the  hcaa  tc  the  arranged/located 
heating  surfaces,  is  ccoaidereu  the  angular  coefficient 


which  passes 
after  it 
of  the  beaa 


-  I  -  (1  -  X,)  1 1  <1  - 


<t.  X, . X,  .  the  angular  ccafficiects  of  separate  runs  of  pipes. 


deterained  on  curved  5  fig.  2a  present  RM. 
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Pag«  196, 

Angular  coefficiant  of  singia-tcu  [lain-tube  shield. 

‘.0 
a.3 

as 

0.7 
0.S 
0,5 
O'- 
0.3 

/  2  3  i  S  6  7^ 

Fig.  ia. 

1  -  taking  into  account  toa  radiation/ea issicr  c£  bricking  with 

ej.i.4d; 

2  -  taking  into  account  the  raoaat jon/ea issicc  cf  bricking  with 
e«0.9d; 

3  -  taking  into  account  the  raaiation/enissicc  c£  bricking  with 
e=0. 5d; 


4  -  taking  into  account  tne  radiation/eaissicr  cf  bricking  with  e=0 
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iin 

5  •  without  taking  into  account  the  radiaticn/eiissicn  cf  bricking 
with  e>0.  5d. 

Angular  coefficient  cf  dcuble-ccw  (lain-tube  shield. 


i 

i 


Fig.  21. 

1  -  taking  into  account  the  radiation/enlssicc  cf  bricking  with 
e>1.4d: 

2  -  taking  into  account  the  radlat aon/eaissicc  cf  bricking  with  e=0 


3  -  without  taking  intc  account  the  radiaticn/eiission  of  bricking 
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^hQt  ^ 


^\)TKpwrhre 
r.iaaKOTpydHue 
sKpdHbi,  n.iaaHH* 
KOBbie  »<pafifaf 
n  sKpaicfai 
c  qyryiiitbiMH 
n.^MTaMH,  a  Tax* 
>Ke  .lyneaocnpH* 
HHMaromaa  no- 
aapxiiocTb  Tpy6* 

.  .  HbIX  ny<TKOD 

^  jauiHnoaaHHue 


//VyCJIOMUi 
CO  *09^^ 

UMeNT  •«- 


TO- 


'a3006paaH0e 
i\  nviHSO 

^HaKoa  Ton^HBo  » 
raepAoe  ron^tM- 
so«  cmuraeMoe  a 
cjioe 

oepAce  TonjiHBO 
npH  KawepHOM 
OKMraHitH* 


sxpatifai.  noKpuTbie 
xpOMHToooA  o6MaaKoA 
icpaNbi.  aaicpMrbfe  inaatorHuai  xNp> 
rtHBOM 


c 

).00 

0.90 

0.70 

0.2 

0.1 


Key:  (1).  Conditional  ccntaainaticn  factor.  (2).  0pen  plain-tube 
shields,  fin  shields  and  shields  by  cast:  iron  plates/slabs,  and  also 
beaa-receiving  surface  cf  tube  tanks.  (3).  Gaseous  fuel.  (4).  Liquid 
propellant  and  solid  fuel,  turned  in  layer.  (5) .  Solid  fuel  during 
chaaber  conbusticn  t. 

FOOTNOTE  The  use/applicaticn  of  efficient  blasting,  included  every 
shift  (according  to  Aaeiican  data)  raises  £  tc  0.75.  ENDPCOTNCTE. 

(6)  .  ginned  shields,  covered  with  chconite  greasing.  (7).  Shields, 
closed  firebrick. 
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The  fundAnentaL  equaticns  o£  the  cdlculation  cf  the  convective 
heating  surfaces.  RN  7-C1. 

1.  Equation  of  heat  exchauqe 

kHSt  .  ,  . 

0-  n-  kcal/lcq; 

*  n 

k  -  coefficient  of  beat  transfer,  kcal/a*h  deg; 

H  -  calculated  surface,  teatacg,  ;  fcr  first  beaas  and  screen 
cf  superheaters,  which  cbtaxn  heat  by  radiat icn/eeission  froa  furnace 
chaaber/caaera,  fcr  calcciated  heating  surface  is  accepted  difference 
between  f ull/total/ccaf lete  leafing  surface  and  fceaa-receiving 
sur  face: 

at  -  temperature  b««d,  <>0; 

*•,  -  calculated  consuipticn  cf  fuel,  Kq/h. 

2.  Equations  of  heat  balance 

a)  heat,  roturned  by  gases. 
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EAG£ 


I 


Q-,(r-/''  +  a-/;^)  Kcai/icj, 


*  ~  coefficient  of  reteatlcn/preservaticc/aaintaining  heat; 

1*  and  I*'  -  enthaicy  cf  gases  on  entrance  into  heating  surface 
and  output/yield  fro*  it,  acal/kg. 

Page  193. 


-  quantity  of  heat,  intzoduced  by  the  sucked  air,  kcal/kg;  for 
the  air  preheater  it  is  deterained  by  oean  teiperature  of  air. 

b)  the  heat,  taken  ty  the  heating  aediua: 

for  the  superheater 

k cal/ kg; 

for  the  econoaizet  and  the  transient  zcne 

kcal/kg, 

i'*  and  i'  -  enthalpy  cf  the  steam  cr  cf  water  on  the  entrance 


into  the  heating  surface  and  the  output/yield  frca  it  (for  the 
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superheater  Is  considered  the  heat  absorption  of  steaa  cooler), 
kcal/kg; 

Q,  -  heat,  obtained  by  the  surface  of  superheater  by 
radiation/eaission  froo  the  heating,  by  kcal/kg; 

for  the  air  preheatcc 

+  kcal/hg; 

-  ratio  of  a  quantity  of  air  at  the  cutput/yield  froa  the  air 
preheater  to  theoretically  necessary; 

C'C  -  enthalpy  of  air,  theoretically  necessary  for  the  coabustion, 
Kith  the  outlet  teaperatcras  irca  the  air  preheater  and  entrance  into 
it,  kcal/kg; 

-  suction  of  air  (leakage  intc  the  flue  cases)  in  the  air 
preheater. 

3.  For  heating  surface,  hashed  by  inccaplete  quantity  of 


products  of  combustion,  eguaticr  cf  heat  balance  for  gas  side  is 
replaced  by  fclloeing: 


80041109  FAC£ 

+  kcal/l(9, 

Haight  share  of  gases,  fassiag  thrcugh  shunted  teaa. 
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The  detaralnation  of  th£  coefficiaot  of  heat  transfer.  RN  7-02. 

1.  Superheaters 

k  ••  - j-r - ' ■•ac  .-pud. 

n-(.+rj 

Key:  (1),  kcal/a^h  deg. 

2.  Boiler  beaas  and  plaln-tute  econcaizets 

— -  tkCiL/m*  hour  deg, 

*.  -  convection  heat-transfer  ccetficiert  ftca  gases  to  wall, 
kcal/B<h  deg,  deterainec  as  fellows: 

a)  during  transverse  flew  arcund  corridci  and  checkered  beaas  - 
in  noaograas  II  and  III; 

b)  during  alxed  Iccgitudinal-transverse  flew  arcund  tube  banks  - 
according  to  foraula 


tf'®"'  f  tr' 


kcai/B^h  deg. 


convection  heat-transfer  coefficient  with  longitudinal  flow  (on 
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noaogiaa  IV),  jccal/a^h  a«y; 

-  radiation  heat-traister  ccetticient  (cn  ncaograa  XI)  ,  kcal/a^h 

deg; 


u  -  coefficient  of  floe  (cc  fik  7-03); 

ag  -  heat-transfer  coefficienc  from  wall  tc  the  steam  (cn 
nomogram  7),  kcal/m^h  deg; 

•  -  contamination  factor  (cn  ccacgram  XII),  m^h  deg/kcal. 

3.  Air  preheaters 

a)  Tubular  and  late  liar 

4cal/mifa  deg. 

The  coefficient  of  the  teat  transfer  of  tubular  air  preheaters 
is  related  to  middle  ir  the  gas  and  air  sides  surface. 

at  -  heat-transfer  coefficient  from  the  gases  to  the  wall, 
determined  for  the  tubular  air  preheaters  on  ncaograa  IV,  for  the 
lamellar  ones  -  in  ncmcgram  VII  with  Pe<10*  and  in  ncaogram  IV  with 
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Be>10^,  kcal/o*h  deg; 


0(2  ~  heat-transfer  coefficient  from  the  vail  tc  the  air, 
determined  for  the  tubular  air  preheaters  on  ncmcgrai  III  or  II,  for 
the  lamellar  ones  when  Ee<10^  -  in  ncmogiam  vii,  when  Re>10*  -  in 
nomogram  IV,  Iccal/m^h  deg; 


^  -  coefficient  of  the  use  of  a  heating  surface,  determined  on 
the  table  of  nomogram  Xll. 

b)  the  cast  Iron  finned  air  preheaters,  produced  by  the  Soviet 
plants 


km; 


Key:  (1).  kcal/m^h  deg. 


<1.,  and  fn,  -  given  heat-transrer  coefficients  from  external  (gas) 
and  internal  sides;  are  determined  for  ribbed  and  finned-serrated  air 
preheaters  on  nomograms  ivii  and  XVIII  and  lex  finned  platy  on 
nomogram  XII,  kcal/m^h  deg. 


Page  199. 


f  -  coefficient  of  use  (on  the  table  of  nomogram  XII)  ; 
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Key:  (1).  kcal/m^h  deg 
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The  coefficient  of  heat  transfer  is  related  tc  the 
full/total/conplete  bilateral  surface  of  heating  all  plates. 

~  shares  of  the  beating  surface*  washed  by  gases  and  air; 

Si  and  -  heat-transf er  cceificiects  fioa  the  gases  tc  the 
wall  and  froa  wall  tc  the  air  [when  86^5200  -  cn  noaogran  Vlll,  when 
Be>5200  -  according  to  the  tcrauia  (7-38) ],  kcal/a^h  deg- 

7.  For  nonstandard  ribbed  beating  surfaces  coefficient  cf  heat 
transfer  is  deternined  eiplcying  procedure*  presented  in  paragraph 
7-B  Section  "g”. 

6.  Gas  preheaters  are  designed  fron  the  sane  fcraulas*  as  air 
preheaters.  Heat-transfer  ccefticient  free  the  wall  to  the  heated  gas 
is  deternined  in  this  case  not  cn  the  nonograis*  but  according  to  the 
corresponding  fornulas. 
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^Nbtopu* 


KOTexkuu*-ny«KH 


lIpM  onpeA«.i«MHM  cp«4t<H*  cuopocTfS  B  npeje.iBX  .laiiMoil  noBepxHOCTH  c.ieAjeT 

M3Meii(Hiie  Bucoru  r.i30\oaa. 


^^ncpcrpeBBTe.iH 


yVBTMBBTB 


Uf-HK 


Key:  (1).  First  boiler  tedas.  (^)»  Screen  heating  surfaces.  (3). 
Second  boiler-  beaas.  (4),  Eeaas  with  rotaticns  in  horizontal  plane. 
(4a).  Section/cut  on.  (5).  Curing  deterainaticn  of  average  speeds 
within  liaits  of  this  surface  sfculd  be  considered  change  in  altitude 
cf  flue.  (6) .  Superheaters. 
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Page  201. 

To  the  detecn ination  of  ccnvccticQ  heat- transfer  coefficient.  SN 
1-04. 


1.  Rated  speed  of  liquid  or  gas. 


i/s. 


'^cn  -  flow  rate  per  seccnd,  i^/s: 


for  the  flue  gases 


V  a^/s, 

(»•  3600  273 


-  the  calculated  hcctiy  ccosuB^tion  cf  fuel/propellant,  kg/h 


-  Toluae  of  gases  cc  1  ng  of  fuel/prcpellant  with  the 
average/aean  excess  aic  fetween  the  entrance  a*  and  output/yield 
na^/lcg; 


for  the  air 


AD-A08S  A87  FOftElSN  TECHN0L06Y  DZV  MRlAHT-PATTEftSON  AFB  OH 

THERMAL  DESt6N  OF  BOILER  UNIT  (STANDARD  METHOD). (U> 
APR  80 

UNCLASSIFIED  FTD-ID(RS)T-04lI*ao 
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V 


cm  " 


<4-173 
3  600  27|~ 


■  Vs# 


f„-C  +  7+fw'  -  the  ratic  ot  a  quantity  of  air,  passing  through  the 
air  preheater  (taking  into  accocnt  the  recirculation  c£  hot  air) ,  tc 
theoretically  necessary: 


for  the  water  trapcr  and  the  water 


V 

•'«««”  3600 


■  */S. 


2.  Calculated  clear  opening. 


a)  Vith  the  transverse  flow  c£  the  plain-tube  bundles 
Where  a  and  b  -  transverse  sizes/disensicns  of  flue  light/world,  a; 


-  nuaber  of  ducts  in  the  series/rcw; 

-  length  of  ducts,  a. 


b)  Vith  the  longitudinal  flew. 


For  the  case  of  fleeing  the  aediua  between  the  ducts 
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For  th«  case  of  flcving  the  aedlue  Kitbic  the  ducts 

where  z  -  a  number  of  ducts  in  the  bundle; 

-  tube  bore,  ■. 

c)  For  the  laeellar  arr  preheaters  and  the  standard  finned 
econoaizers  and  the  air  preheaters  calculated  clear  opening  is 
defined  as  the  sue  of  the  clear  openings  of  the  in  parallel  connected 
eleeent s/cells,  for  the  bundles  cf  finned  ncnstandard  ducts  - 
according  to  foraula  (7-2 1J. 

For  the  standard  finned  econcaizers  and  the  air  preheaters  the 
clear  openings  to  one  eleaent/cell  are  given  in  noacgraas  XVI-XIX. 

niddle  clear  opening  rs  decerained  as  fellows: 


cutput/yield 
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c)  Xd  the  presence  in  bundle  cf  the  gas  corridors  or  with  the  in 
parallel  connected  flues  -  on  the  indications  p.  7-18. 


3.  Calculated  teeperature  of  flee 
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Page  202. 

To  the  deterainatlon  of  ladiation  beat>trans£<r  coefficient.  DM  7-05. 

The  efficient  thicaness  of  radiation  layer  for  plain-tube  bundle 
is  detecained  from  the  fccaulas: 

uith  ^<7: 

with  7<^i4^<13; 

where  S|  and  Ss  -  transverse  and  Icsgitudinal  pitches  of  tubes  of  the 
bundle*  a. 

For  the  banks  of  fin  tubes  obtained  frea  these  foraulas  value  s 
should  be  Bultiplied  by  0.4. 

During  the  calculation  of  the  superheater*  in  front  of  cr  within 
which  is  arr anged/locatcG  the  gas  voluae*  and  also  the  heating 
surface*  which  is  located  beyond  the  rotary  chaaber/caaera*  the 
efficient  thickness  of  radiation  layer  is  deterained  froa  the  foraula 
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s  >  the  efficient  tfcicicocss  ox  the  layer,  calculated  accccding 
to  the  given  above  fociulas,  a; 


and  U  -  depth  of  the  strictly  designed  bundle  and  gas  voluae. 


A  -  coefficient,  taken  tc  the  equal  to  0.5  during  the 
calculation  of  superheater  and  C.2  during  the  calculation  of  the 
surface,  situated  after  the  ictaxy  chamber /catera. 


Total  absorption  strength  cf  the  dusty  flew  is  determined  frea 


the  foraula 


-  the  coefficient  ct  eeakening  ray/beas  by  triatoaic  gases, 
determined  on  nciograa  Ik; 


*<1  -  coefficient  of  weakening  ray/beaa  in  the  vcluae,  filled  with 
the  specks  of  ash,  determined  is  ncaograa  X. 


Radiation  heat^transfer  coefficient  is  determined  on 
nomogram  XI. 
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57  S 

iThe  deteciination  of  the  teiiferatuce  of  the  ccntaainated  wall.  RN 
7-06. 


Boiler  bundles  and  superheaters 

Q  -  the  heat  absorption  of  the  surface  of  heating*  hcal/lcg; 

^ereitted  (accoidinc  to  calculation  <>>  of  the  deviation  of 
preliainarily  taken  value  Qz 

for  the  superheaters  ...  t.15c/a: 

for  the  developed  boiler  bundles  ...  iBOc/o; 

for  the  scallops  ...  i,5Cc/o. 

Econoaizers. 

For  first  (on  the  course  cf  water)  stage  of  econoaizer  and 
single-stage  econoaizer  with  d'4400t 

<,-<+25*a 

For  the  single-stage  econoaizer  with  4'>400°C  and  the  second 
step/stage  of  two-stage*  and  also  transient  zone  of  single-pass 
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boiler#  with  any  chaabcc  of  the  ccabusticn  c£  solid  and  liquid 
propellants  and  igniticc  aethod  of  the  wood 

<.-(  +  100*  C; 

for  the  saae  surfaces  with  layer  of  coabusticc  of  all 
fuels/propellants#  except  wood,  and  with  the  coabustion  of  the  gas 

(.-(  +  28*  C. 
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deter nlnation  of  the  teaperatuxe  head.  EN  7-07. 


For  the  cases  of  "ccunteccuxrent"  or  the  "direct  flow",  and  also 
for  any  connections  with  tiie  teaperature  constancy  cf  one  of  the 
aedia.  the  teaperature  head 


;U-- 


2,3  Ic 


•c. 


31.  -  a  difference  in  teapeianuxes  of  both  aedia  in  that  end  cf  the 
surface  of  heating  where  it  is  greater  than  -  difference  in  the 
teaperatures  at  ether  end. 


At  constant  temperature  of  the  heating  aediun 


»<-*« 


•c. 


Hhen 


•<1.7 


•i 


rc. 


For  the  diagrams  with  the  the  consecutive  and  in  parallel-aixed. 
and  also  crosscurrents 


-  the  calculated  accccdxng  to  the  prescribed/assigned  final 
temperatures  average/aean  teaperature  head  with  the  countercurrent, 

Coefficient  *  is  detezaiced  in  accordance  with  the  given  below 


indications 
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Diagraas  with  a  consecctive-aixad  current  tc  ooBcgraa  XIII. 


(T)CxtMa  n 
r.-t'-t 


(^^flo  Heim  Mompy  *  ..Cxe.vc  e  napoA- 

AejtbMO-CMCniQHHUM  fftOKOM  K  HOMO* 

tpQMMe  XiV*‘  nKpoAoeb  omu^tca. 

C^^patUAbHQti  cxcJM  npuAazaemen, 

Key:  (1).  Diagraa.  (2).  Ca  oversight  in  "diagraa  vith  in 
parallel-aired  current  tc  ncicgcaa  XIY”  sliped  in  error.  (3).  Correct 
diagraa  applies. 


Oiagraas  with  an  in  parallel-aired  current  tc  ncacgraa  XIV. 


rffvoTOffftrA  Tutorowiiw* 

('cpman  J)  (ffpHM*  2)  (npiiia*  4)  (apiiMa  5)  (apiMN  /) 


Key:  (1)  .  the  course  of  the  aultipass  aediui:  ^  anti-  and  1 
direct-f low/raajet  (curve  3).  (2).  course  of  rultipass  aediua:  2 
straight/direct  and  1  ccunterccrreot  (curve  2) .  (3) .  course  cf 
aultipass  aediua,  both  ccuntercucrent  (curve  5) . 


•.--.-J  u..  .  ■  . 
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agraas  with  crosscucreot  tc  acaosraa  XI. 


t"  t' 


0^ 

OxRO.toAoaoA  Teniio- 
oOmcmmiir 
(xpan*  J) 


Ufyxxonoaot  Tcnao- 
oOmcmiixk 

(KpMM«  2) 


Tpexxoao»oA 

Tenjioo6iiciiNiiR 

(xpNMX  J) 


/  / 
t 


a 

1 

1 

1 

1 

1 

1 

I 

i 

1 

1 

1 

1 

1 

1 

1 

(.4^ 

McTupexxoaoioA 
TenJiooOurHiiH)! 
(icpiiu*  4) 


Note.  If  with  crosscurcenc  the  general/ccaaoo/total  autoal  flew 
direction  not  countercciient.  hut  direct-f low/raa jet,  calculation  dt 
are  conducted  according  to  fcraula  (7-77). 


Key:  (1).  Single-pass  heat  exchanger  (curve  1).  (2).  Two-pass  heat 
exchanger  (curve  2).  (3).  Ihtee-pass  beat  exchanger  (curve  3).  (4). 
Fourvay  heat  exchanger  (curve  4). 


Page  204. 


For  the  use  of  noaegraa  xiil  are  calculated  the  diaensicnless 
paraaeters: 


Ti  and  Tg  -  the  f ull/totai/ccaplete  teaperature  differentials. 


deterained  according  tc  diagraa,  **C; 


DOC  »  80041109 


EAG£  4rtr  ▲ 

63^ 


and  H  -  surface  of  beatisy  direct-f  low/can  jet  section  and 
full/total/co«plete,  ■*, 

For  the  use  of  noacgraas  XIV  and  XV  are  calculated  two 
diaensionless  paraaeteis: 


-  a  f ull/total/conplete  teaperature  differential  of  that  aediua 
where  this  drcp/juap  is  greater  than  the  teaperature  differential  c£ 
second  aediua  v 

For  any  coapound  circuit  c£  incluslcn/ccnnecticn*  different  frca 
those  indicated,  the  tenperatcrs  bead  cat  be  designed  froa  the 
foraula 


if  is  satisfied  the  cocdicion 

>0.921/,^. 

and  ~  the  calculated  according  tc  the  prascribed/assigned 
final  teaperatures  average/aean  teaperature  heads  for  the  cases  of 
straight  line  and  the  ccoatercorcest,  by  ^C. 

Mith  the  nonper for aance  cf  the  conditicr  indicated  the 
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tenpecature  head  for  the  ccapouad  circuits,  different  fro*  these 
examined,  is  designed  fzem  the  indications  p.  7-67. 


Conditional  tenperatuce  of  water,  necessary  for  determining  of 
the  temperature  head  and  mean  temperature  of  water  in  the 
countercurrent  "boiling*  econcmizecs  with  the  steam  content  of  the 
cutgoing  of  them  stean-watec  maxtute  x^dCo/c 


/  M  /  4-  —  -  *  r 

*  ¥CJt  *2 

i'*  and  ‘»<i  -  the  enthalpy  of  steam-water  mixture  at  the 

cutput/yield  from  the  eccncmizez  and  the  boiling  water  at  a  pressure 
in  the  drum,  iceal/ieg. 


Calculation  according  to  to  admissihly  conduct  when 

differences  in  the  temperatures  cf  gases  and  water  for  the  "ccld"  end 
of  the  economizer  or  its  separately  designed  step/stage  not  are  less 
than  indicated  in  the  table. 


1 

<14 

>M 

CZ) 

TcMnepjTypa loau  npa  axoae  a  paccaRTHaae- 

uyio  CTyntRk  aaoHOMallaapa  . 

>20 

1004-139 

140-4-179 

>160 

d) 

HaHMaakoiaR  paaaocTk  TeHnaparyp . 

>100 

>160 

>110 

>B0 

1 

Key:  (1).  Pressure  in  hciler  p,  ata(abs.).  (2).  Temperature  cf  water 
upen  entrance  into  designed  step/stage  of  eccrenizer.  (3).  Smallest 
difference  in  temper at cres. 
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Supecheatecs  or  theic  sepacataly  designed  steps/stages  with  the 
high  initial  huaidlty  c£  staaa  are  designed  nccsally  according 
to  the  final  teaperatuces  bhen  is  satisfied  the  condition 


c  >  heat  of  vaporisation,  scai/lcg; 

<.«  and  >i  -  enthalpy  ci  overheated  and  wet  steae,  kcal/hg. 

with  the  nonperf oceance  of  this  conditict  the  superheaters  are 
designed  in  accordance  him  the  incicaticns  p.  7-70. 


■  4ht«.)V 


Calculation  of  heat  transfer  In  the  burner 


Coefficient  of  heat  output  , by  convection , with  . 
(Ldossflow  around  stasKered  nlain-tube  clusters 


—Nomogram  III 


Coefficient  of  heat  output,  with  longitudinal  flow  Nomogram  IV 
for  air  and  flue  gases  ,  Cpage  2) 


Coefficient  of  heat  output  with  longitudinal  flow 
for  nonboiling  water 


-X 

Nomogram  VI 
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SO  too  ISO  200  250  300 


mean  water  temperature  tfc 


aPl 


Joeffloient  of  heat  output  for  finned 
air  preheaters  at  SeK’O.OOO 


amoKram  VTT 


Coefficient  of  heat  output  for  regenerative 
air  preheaters  at  Re  5200 


Coefficient  of  ray  attenuation  in  a  space  filled 
with  ash  dust 


Nomogram  X 


1 


1  -  when  b  irnins  coal  gf'ound  .in  rotary-ball  pulverizers; 

2  -  when  bui’ning  coal  errouhd  in  mediuir.-  and  high-spied 

pulverizers ; 

3  -  when  burning  coal  and  shale  in  air-swept  direct- 

fired  pulverizers; 

4  -  when  burning  shredded  peat  in  air-swept  direct- 
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Coefficient  of  heat  output  by  radiation 


Nomogram  XI 
Coage  1) 


Dirtiness  factor  and  utilization  factor 


Nomogram  XII 
(page  I' 


Unwound  boiler  clusters  of  low-power  boil¬ 
ers  .  0 

Steam  suoerheaters  .  0.002 

1.  Dirtying  factors  s  when  burning  liquid,  gaseous  and  wood 
fuel 


1 

Fuel 

i 

1 

V 

Boiler  Steam  Plain-  Cast  ir- 
suoer-  tube  eco-  on  econ- 
..lusrers  headers  nomizers  omizers 


Cast  ir- 


ruel  oil  . 

Natural  gas  . 

Wood  fuel  . 

Blast  furnace  gas  and  coke  ga. 


0.015 

0.005 

0.010 

0.002 


0.015 
0.005 
0.  OOS 
0.003 


0.020 

0.005 

0.012 

0.002 


0.02 
0.01 
0.02 
0 .  OCii 


Data  applies  to  flue  gas  velocities  of  not  over  15  m/s. 


When  burning  a  mixture  of  fuels  the  dirtiness  factor  of  the 
more  dirtying  fuel  is  used. 

3.  Dirtiness  factor  e  m  hour  degree/kcal  for  tube  clusters 
with  transverse  ribs  when  burning  solid  fuel. 

m2  hour  desree/kcal 


•»  -  ^  7  €  J  W  It  iz  13  14  13  IS 

velocity  of  gases  w,  m/s 

Utilization  factor 


1  Be*  TonjKu,  ipoKt  yUMHHMX  ■  nn.  2  H 

2  Mtiyr  fhj . 

3  MpNpoaiiull  ru  *  apcMCHO*  TOflJTiiM(i) 


0,75 

0,85 

0,5 

0.8 

0,8S 

0,75 

OJ  i 

0.7 

0,70 

1 

0,80 

0.7 

1 

0.7 

;  Cc) 

tube-type ; 

(dC  plate-type;  (e)  cast  iron  rib-type;  (f)  finned  economize: 
(g)  all  fuels  except  those  in  paragraphs  2  and  3;  (h)  fuel 
oil;  (i)  natural  gas  and  firewood. 


LO  O  C/ 


Nomoeram  XIIT 


_ _  ^  f _ 

Thermal  head  with  series-combined  current 


heating  surface  of  section  with  direct  flow 
total  heating  surface 


1.  The  nomogram  is  inapplicable  for  systems  with  series- 
combined  current  which  differ  from  those  shown  in  RN  7-07. 

2.  Do  not  extrapol'’te  the  nomogram.  If  when  using  it  for 
a  specific  case  it  is  necessary  in  some  area  to  go  beyond 
the  limits  of  the  lines  represented,  the  calculation  of  At 
should  be  done  part  by  part . 


1 


Thermal  head  with  parallel  combined  current 


I  Nomogram  XIV 
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Curve  1  -  both  passes  of  a  multipass  medium  are  direct-flow. 


Curve  2  - 


'urve  3  - 


Curve  - 


three  passes  of  a  multipass  medium:  two  are  direct-  and 
one  Is  counter-flow. 

two  passes  of  a  multipass  medium:  one  Is  counter-  and 
one  Is  direct-flow. 

three  passes  of  a  multipass  medium:  two  are  countsr- 
and  one  Is  direct-flow. 


Curve  5  -  both  passes  of  a  multipass  medium  are  counter-flow. 
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Coefficient  V 
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Curve  1  - 
Curve  2  - 
Curve  3  - 
Curve  ^  - 


single-pass  crossing 
two-pass  crossing 
three-pass  crossing 
four-pass  crossing 


Coefficient  of  heat  transfer  of  cast  iron  ribbed 
VTI  and  TsKKB  water  economizers* 


iomogram  XVI 
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velocity  of  gases  u,  m/s 

When  burning  fuel  oil  the  coefficient  of  heat  transfer  of 
iron  ribbed  economizers  is  decreased  by  25%. 

(a)  Characteristics  of  one  tube:  (b)  unit  of  measure;  (c)  VT 
economizer:  (d)  TsKKB  economizer;  (e)  Length;  (f)  heating 
surface  on  the  gas  side;  (g)  cross  section  for  passage  of 
gases  . 


Nomoeram  XVII 


Derived  coefficients  of..heat  output  on  the  gas 
side  of  cast  Iron  ribbed  and  serrated-rib  air 
ore 


Value  name 


Key:  (a)  unit  of  measure:  (b)  ribbed  tube;'  (c)  serrated- rib  tube: 
(d)  overall  length  of  tube;  (e)  length  of  ribbed  part  of 
tube;  (f)  heating  surface  on  gas  side;  Cg)  heating  surface 
on  air  side;  (h)  cross  section  for  gas;  (1)  cross  section 
for  air;  (J)  weight  of  tube;  (k)  equivalent  diameter  on  air 
side;  (1)  for  one  tube;  (m)  mm;  Cn)  m? :  (p)kg;  (r'l  m; 

(s)  temperature  of  gases. 


Derived  coefficients  of  heat  output  on  the  air 
side  of  cast  iron  ribbed  and  serrated-rib  air 
preheaters 


Nomogram  XVIII 


a)  ribbed  air  preheater 
kcal/m^  hour  degree 
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velocity  of  air  w,  m/s 


b)  Serrated-rib  air  preheater 
kcal/m^  hour  degree 
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velocity  of  air  y, 
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(a)  air  temperature 
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Key:  (a?  rlbr,  with  stniff-ht  b-ise:  fb)  cbuare  ribs  with  cyl 
tndrlcal  base;  Ccl  circular  ribs  with  cylindrical  base. 


_ _ 


Coefficient  of  heat  output  with  steam  conde_nsation  tomogram  XXV 
moving  along  a  vertical  tube 


Nomogram  XXVI 


Coefficient  of  heat  output  with  longitudinal  flow 
for  boilirg  water 


